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Amended Appeal Brief 

Appellant has appealed to the Board of Patent Appeals and Interferences from the 
decision of the Examiner mailed May 19, 2004, finally rejecting Claims 1-39. Appellant 
filed a Notice of Appeal on July 20, 2004, and filed an Appeal Brief on September 20, 2004. 

Appellant received an Office Communication mailed December 27, 2004, asserting 
that "the Appeal Brief filed 9/20/2004 is NOT acceptable." While Appellant believes the 
Appeal Brief filed on September 20, 2004, is in fact acceptable. Appellant respectfiiUy 
submits this Amended Appeal Brief, which includes minor changes to the Statement of Issue 
and Argument sections of the Appeal Brief filed September 20, 2004, and includes an 
additional appendix. 
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Real Party In Interest 



This application is currently owned by i2 Technologies US, Inc., as indicated by: 

an assignment recorded on September 17, 2001, in the Assignment Records of the 

United States Patent and Trademark Office at Reel 010560, Frames 0066-0068; and 

an assignment recorded on September 30, 2001, in the Assignment Records of the 

United States Patent and Trademark Office at Reel 012024, Frames 0918-0930. 

Related Appeals and Interferences 

There are no known appeals or interferences which will directly affect or be directly 
affected by or have a bearing on the Board's decision regarding this appeal. 

Status of Claims 

Claims 1-39 are pending in this application and all stand rejected under a final Office 
Action mailed May 19, 2004. Appellant presents Claims 1-39 for appeal. Appendix A shows 
all pending claims. 

Status of Amendments 

The Examiner has entered all amendments submitted before the final Office Action 
mailed May 19, 2004. 



In particular embodiments, buyer computers 20 collaborate with seller computers 40 
to negotiate the supply of products fi*om sellers associated with seller computers 40 to buyers 
associated with buyer computers 20. (Page 6, Lines 4-7). Buyer computers 20 and seller 
computers 40 cooperate with each other toward an optimum supply chain between the buyers 
and the sellers. (Page 6, Lines 7-9). Through an interactive negotiation process and 
contractual monitoring system, particular embodiments eliminate mismatches between buyer 
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demand and seller supply, which may increase profitability at the buyer and the seller. (Page 
6, Lines 9-12). 

In particular embodiments, a buyer computer 20 executes a procurement manager 34 
that facilitates negotiating and executing supply chain contracts with various seller computers 
40. (Page 7, Lines 3-9). Like a buyer computer 20, a seller computer 40 may execute a 
supply manager 54 that facilitates negotiating and executing supply chain contracts with 
various buyer computers 20. (Page 7, Lines 20-23). Procurement manager 34 and supply 
manager 54 may include negotiation modules 114 and 214 that negotiate, between buyer 
computer 20 and seller computer 40, one or more terms of an option contract. (Page 11, 
Lines 13-16). Negotiation modules 1 14 and 214 may be configurable to conduct all or only 
part of a negotiation between buyer computer 20 and seller computer 40 without receiving 
any user input. (Page 11, Lines 16-18). Procurement manger 34 and supply manager 54 may 
include execution modules 119 and 219 that execute negotiated option contracts and store the 
option contracts. (Page 12, Lines 7-10). Procurement manager 34 and supply manager 54 
may include tracking module 120 and 220 that monitor and enforce terms of executed option 
contracts. (Page 12, Lines 11-14). 

Particular embodiments facilitate collaborative negotiation between a buyer computer 
20 and a seller computer 40 to generate an electronic option contract for the supply of 
particular products to a buyer. (Page 9, Lines 3-5). Buyer computer 20 or seller computer 40 
may transmit proposed contract terms to the other computer to initiate a negotiation. (Page 9, 
Lines 5-7). The option contract may include an option specifying buyer obligations with 
respect to the purchase of a product and seller obligations with respect to the supply of the 
product. (Page 9, Lines 10-13). In particular embodiments, the option contract specifies a 
minimum buyer obligation to purchase the product and a maximum seller obligation to 
supply the product. (Page 9, Lines 13-15). In particular embodiments, the option contract 
includes an option price payable from the buyer to the seller for the option and includes one 
or more penalty provisions for violating terms of the option contract. (Page 9, Lines 17-20). 
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In particular embodiments, after negotiation of the option contract, the option contract 
is executed and buyer computer 20 and seller computer 40 both store the executed option 
contract. (Page 10, Lines 3-5). Storing the option contract facilitates monitoring fulfillment 
of contractual obligations of the buyer and the seller. (Page 10, Lines 5-6). To enforce terms 
of the option contract, particular embodiments may prohibit buyer computer 20 firom 
exercising an option under the option contract inconsistent with one or more terms of the 
option contract or may assess a penalty for violating one or more terms of the option contract. 
(Page 10, Lines 6-9). 

In particular embodiments, tracking module 120 at buyer computer 20 may determine 
whether an option period under an option contract has begun. (Page 20, Lines 15-16). If the 
option period has begun, tracking module 120 may, automatically or in response to user 
input, request an update of forecasted demand at the buyer. (Page 20, Lines 16-18). 
Forecasting module 112 at buyer computer 20 may then update forecasted demand at the 
buyer according to current demand needs of the buyer. (Page 20, Lines 18-19). Exercise 
module 121 at buyer computer 20 may then communicate a request to seller computer 40 to 
exercise an option under the option contract according to the updated forecasted demand. 
(Page 20, Lines 19-21). Tracking module 120 may then determine whether the exercise of 
the option satisfies a minimum obligation of the buyer under the option contract. (Page 20, 
Lines 23-25). If the buyer has not met the minimum obligation under the option contract, 
tracking module 120 may determine whether an exercise period under the option contract has 
ended. (Page 20, Lines 25-26). If the exercise period has ended and the buyer has not met 
the minimum obligation under the option contract, tracking module 120 may determine a 
penalty resulting fi-om the buyer not meeting the minimum obligation. (Page 20, Lines 26- 
28). On the other hand, if tracking module 120 determines that the exercise period has not 
yet ended, tracking module 120 may wait for another update to forecasted demand at the 
buyer. (Page 20, Lines 29-31). 
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If the buyer has met the minimum obligation, the option contract may allow buyer 
computer 20 to place further orders before the exercise period expires. (Page 21, Lines 1-3). 
As an example, procurement manager 34 at buyer computer 20 may determine that, even 
though the buyer has met the minimum obligation, the exercise period has not yet ended. 
(Page 21, Lines 3-5). If buyer computer 20 receives input from a user or input from a 
memory unit indicating that the buyer should procure additional product, procurement 
manager 34 may communicate an update of forecasted demand at the buyer requesting 
additional product. (Page 21, Lines 5-8). In particular embodiments, procurement manager 
34 may decUne to communicate the updated forecast of demand at the buyer if procurement 
manager 34 determines that the seller has already met the maximum obligation of the seller 
under the option contract. (Page 21, Lines 8-10). 

In particular embodiments, supply manager 54 at seller computer 40 may receive a 
request from buyer computer 20 to exercise an option under the option contract. (Page 22, 
Lines 5-8). Supply manager 54 may then access stored terms of the option contract to 
determine whether an exercise period under the option contract has begun. (Page 22, Lines 
5-9). If supply manager 54 determines that the exercise period has not yet begun, supply 
manager 54 notifies buyer computer 20 that the request is improper, in this case because the 
request is premature. (Page 22, Lines 9-11). If supply manager 54 determines that the 
exercise period has begun, supply manager 54 may determine whether the request exceeds a 
maximum obhgation of the seller under the option contract. (Page 22, Lines 13-14). If 
supply manager 54 determines that the request from buyer computer 20 exceeds the 
maximum obligation of the seller, supply manager 54 may notify buyer computer 20 that the 
request is improper. (Page 22, Lines 18-21). If supply manager 54 determines that the 
request does not exceed the maximum obligation of the seller, supply manager 54 may store 
the request. (Page 22, Lines 25-27). Supply manager 54 may then determine whether the 
exercise period under the option contract has ended. (Page 22, Lines 27-28). If supply 
manager 54 determines that the exercise period has not yet ended, supply manager 54 may 
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receive another request from buyer computer 20 and process the request as described above, 
(Page 22, Line 30, through Page 23, Line 2). 

If supply manager 54 determines that the exercise period has already ended, supply 
manager 54 may determine whether the buyer has met a minimum obligation of the buyer 
under the option contract. (Page 23, Lines 3-4). If supply manager 54 determines that the 
buyer has not met the minimum obligation, supply manager 54 may determine a penalty for 
the buyer not meeting the minimum obligation according to a penalty provision in the option 
contract. (Page 23, Lines 6-9). Tracking module 220 at seller computer 40 may access terms 
of the option contract stored at seller computer 40 to identify the penalty provision, compare 
the penalty provision with the short fall of the buyer, and calculate a resulting penalty. (Page 
23, Lines 9-11). 

Statement of Issue 

Are Claims 1-39 patentable under 35 U.S.C. § 103(a) over Purchasing Handbook by 
George W. Aljian ("Aljian"') in view of Contingent Claims Contracting for Purchasing 
Decisions in Inventory Management by Peter H. Ritchken and Charles S. Tapiero 
{"Ritchken''\ in further view of U.S. Patent No. 6,247,774 to Roden et al. {"Roden'\ and in 
further view of Official Notice based on Modeling Take-or-Pay Contract Decisions by Carl 
R. Shultz C'Shultz'')! 

Grouping of Claims 

Appellant has made an effort to group claims together to reduce the burden on the 
Board. Appellant has concluded that all claims do not stand or fall together. In the argument 
section of this Brief, Appellant presents reasons why the claims in each group are separately 
patentable from the claims in the other group. Appellant has concluded that the Board may 
group the claims as follows: 
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2. 



1. 



Group 1 may include Claims 1-11, 19-27, and 38-39; and 
Group 2 may include Claims 12-18 and 18-37. 



Areument 

The rejection of Claims 1-39 under Aljian in view of Ritchken, in further view of 
Roden, and in further view of Official Notice based on Shultz is improper, and the Board 
should withdraw the rejection. 



The Examiner rejects Claims 1-39 under Aljian in view of Ritchken, in further view of 
Roden, and in further view of Official Notice based on Shultz, Appendix B includes a copy 
of Aljian, Appendix C includes a copy of Ritchken, Appendix D includes a copy of Roden, 
and Appendix E includes a copy of Shultz, Appellant respectfully submits that Claims 1-39 
are clearly allowable over the proposed Aljian-Ritchken-Roden combination. 

B. Standard 

The question raised under 35 U.S.C. § 103 is whether the prior art taken as a whole 
would suggest the claimed invention taken as a whole to one of ordinary skill in the art at the 
time of the invention. See 35 U.S.C. § 103(a) (2000). Accordingly, even if all elements of a 
claim are disclosed in various prior art references, which is certainly not the case here as 
discussed below, the claimed invention taken as a whole cannot be said to be obvious without 
some reason given in the prior art why one of ordinary skill at the time of the invention would 
have been prompted to modify the teachings of a reference or combine the teachings of 
multiple references to arrive at the claimed invention. 



Claims 1-39 are Allowable over the Proposed 
Aljian-Ritchken-Roden Combination 



A. 



Overview 
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The M.P.E.P. sets forth the strict legal standard for establishing a prima facie case of 
obviousness based on modification or combination of prior art references: 

To establish a prima facie case of obviousness, three basic criteria must be 
met. First, there must be some suggestion or motivation, either in the 
references themselves or in the knowledge generally available to one of 
ordinary skill in the art, to modify the reference or combine reference 
teachings. Second, there must be a reasonable expectation of success. 
Finally, the prior art reference (or references where combined) must teach or 
suggest all the claim limitations. 

M.P.E.P. chs. 2142-43 (Rev. 2, May 2004). "To establish prima facie obviousness of a 
claimed invention, all the claim limitations must be taught or suggested by the prior art. All 
words in a claim must be considered in judging the patentability of that claim against the 
prior art." M.P.E.P. ch. 2143.03 (Rev. 2, May 2004) (citations omitted). 

In addition, the M.P.E.P. and the Federal Circuit repeatedly warn against using an 
applicant's disclosure as a blueprint to reconstruct the claimed invention. For example, the 
M.P.E.P. states, "The tendency to resort to 'hindsight' based upon applicant's disclosure is 
often difficult to avoid due to the very nature of the examination process. However, 
impermissible hindsight must be avoided and the legal conclusion must be reached on the 
basis of the facts gleaned from the prior art." M.P.E.P. ch. 2142 (Rev. 2, May 2004). The 
governing Federal Circuit cases are equally clear. 

A critical step in analyzing the patentability of claims pursuant to [35 
U.S.C. § 103] is casting the mind back to the time of invention, to consider the 
thinking of one of ordinary skill in the art, guided only by the prior art 
references and the then-accepted wisdom in the field. . . . Close adherence to 
this methodology is especially important in cases where the very ease with 
which the invention can be understood may prompt one "to fall victim to the 
insidious effect of a hindsight syndrome wherein that which only the 
invention taught is used against its teacher." 

In re Kotzab^ 111 F.3d 1365, 1369, 55 U.S.PQ.2d 1313, 1316 (Fed. Cir. 2000) (citations 
omitted). 
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C. Aljian 

Aljian merely discloses factors (such as requirements, quantity in stock and on order, 
procurement time, obsolescence, ordering cost, and inventory carrying cost) influencing how 
much inventory to procure and when to procure inventory. (Pages 13-5 through 13-33). 
Aljian also discloses a mechanical order-writing system and various types of contracts, such 
as indefinite-quantity, or open-end, contracts. (Pages 14-28 through 14-36 and 19-52 through 
19-54). 

Z). Ritchken 

Ritchken merely discloses designing contingent claims (options) including purchasing 
commitments to meet certain risk-reward preferences. (Pages 864-70). 

E. Roden 

Roden merely discloses a supplier modifying a forecast of demand according to a 
quantity of items that a company (other than the supplier) has dispensed to consumers and a 
frequency at which the company dispensed the items. (Abstract; Column 10, Lines 1-7; 
Column 11, Lines 1-16). 

F. Group 1 (Claims 1-11, 19-27, and 38-39) 

The Examiner rejects Claims 1-11, 19-27, and 38-39 undQV Aljian in view of Ritchken 
and in further view of Roden. Appellant respectfully submits that Claims 1-11, 19-27, and 
38-39 are allowable over the proposed Aljian-Ritchken-Roden combination. 

Claims 1-11, 19-27, and 38-39 are separately patentable from every other claim 
subject to the same rejection and recite limitations that are substantially different from 
limitations recited in all other claims. Therefore, Appellant has grouped Claims 1-11, 19-27, 
and 38-39 together separately from all other claims. 
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Independent Claim 1 recites: 

A method of optimizing multi-enterprise supply chain agreements 
using an electronic option contract, the method comprising: 

determining at a buyer computer a range of forecasted demand for a 
product; 

communicating from the buyer computer to a seller computer an offer 
to enter into an option contract for the supply of a product, the option contract 
including an option corresponding to the range of forecasted demand; 

executing the option contract; 

receiving at the buyer computer an indication of current buyer demand 
for the product; 

automatically and without user input subsequent to receiving at the 
buyer computer the indication of current buyer demand for the product, 
determining at the buyer computer whether the indicated current buyer 
demand exceeds a maximum option quantity specified in the option contract; 
and 

automatically and without user input subsequent to determining at the 
buyer computer whether the indicated current buyer demand exceeds the 
maximum option quantity specified in the option contract, if the indicated 
current buyer demand does not exceed the maximum option quantity specified 
in the option contract, communicating from the buyer computer to the seller 
computer a request to exercise at least a portion of the option based at least in 
part on the indicated current buyer demand. 

Independent Claim 19 recites limitations substantially similar to hmitations recited in 
independent Claim 1 . 

Even assuming for the sake of argument that Aljian, Ritchken, and Roden could be 
combined with each other as the Examiner proposes, the proposed Aljian-Ritchken-Roden 
combination would still fail to disclose, teach, or suggest limitations recited in independent 
Claim 1. 

The Examiner acknowledges that Aljian fails to disclose, teach, or suggest, the 
following limitations recited in independent Claim 1 : 

• receiving at the buyer computer an indication of current buyer demand 



DAL01:832601.1 



ATTORNEY DOCKET NO. 
020431.0467 



11 



PATENT APPLICATION 
09/398,170 



for the product^ 

• automatically and without user input subsequent to receiving at the 
buyer computer the indication of current buyer demand for the product, 
determining at the buyer computer whether the indicated current buyer 
demand exceeds a maximum option quantity specified in the option 
contract', and 

• automatically and without user input subsequent to determining at the 
buyer computer whether the indicated current buyer demand exceeds the 
maximum option quantity specified in the option contract, if the 
indicated current buyer demand does not exceed the maximum option 
quantity specified in the option contract, communicating from the buyer 
computer to the seller computer a request to exercise at least a portion of 
the option based at least in part on the indicated current buyer demand. 

To make up for the fact that Aljian fails to disclose, teach, or suggest the first of these 
limitations, the Examiner asserts that Roden discloses receiving at the buyer computer an 
indication of current buyer demand for the product, as recited in independent Claim 1 . Roden 
clearly fails to disclose, teach, or suggest this limitation. Instead, as Applicants have pointed 
out, Roden merely discloses a supplier modifying, after an initial period of time, a forecast of 
demand according to a quantity of items that a company (other than the supplier) has dispensed 
to consumers and a firequency at which the company dispensed the items. 

To make up for the fact that Aljian fails to disclose, teach, or suggest the other 
limitations indicated above, the Examiner takes Official Notice that these limitations "are old 
and well known within the management of any type of contract, and in the options art in 
particular. Therefore, it would have been obvious to one having ordinary skill in the art to 
include those steps." To support the Examiner's conclusion that these limitations were old and 
well known at the time of invention, the Examiner cites Shultz. Appellant notes that Shultz 
merely discloses that a take-or-pay contract is a mixture of a requirements contract and an 
indefinite quantity contract obligating a buyer to purchase between high and low quantity limits 
and that, under a take-or-pay contract, a buyer incurs a penalty if purchases from the buyer fall 
short of the low quantity limit. (Pages 2-3). 
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The Examiner concludes that, because Schultz discloses such high and low quantity 
limits, Schultz also discloses "checking whether a buyer demand exceeds a maximum option 
quantity or falls within agreed low and high limits." Appellant respectfully disagrees with the 
Examiner. Nowhere does Shultz disclose, teach, or suggest any such "checking," much less 
determining whether the indicated current buyer demand exceeds a maximum option 
quantity specified in the option contract, as recited in independent Claim 1. Appellant notes 
that the Examiner neither explains how "checking whether a buyer demand exceeds a 
maximum option quantity falls within agreed low and high limits" logically follows from high 
and low quantity limits in take-or-pay contracts in Schultz nor points out exactly where Schultz 
allegedly provides any disclosure, teaching, or suggestion of such checking. Even assuming for 
the sake of argument that Schultz disclosed such checking and that such checking could be 
properly considered determining whether the indicated current buyer demand exceeds a 
maximum option quantity specified in the option contract, as recited in independent Claim 1, 
Schultz would still fail to disclose, teach, or suggest determining at the buyer computer 
whether the indicated current buyer demand exceeds a maximum option quantity specified in 
the option contract. 

After concluding that Schultz discloses "checking whether a buyer demand exceeds a 
maximum option quantity falls within agreed low and high limits," the Examiner then asserts 
that the following limitation, as recited in independent Claim 1, "would have been obvious to 
one of ordinary skill in the art": 

• subsequent to determining whether the indicated current buyer demand 
exceeds the maximum option quantity specified in the option contract^ if 
the indicated current buyer demand does not exceed the maximum option 
quantity specified in the option contract^ communicating a request to 
exercise at least a portion of the option based at least in part on the 
indicated current buyer demand 

Appellant respectfully disagrees with the Examiner, Contrary to the requirements of 
governing Federal Circuit case law and the M.P.E.P., the Examiner provides no rationale or 
evidence whatsoever supporting the Examiner's assertion that the above limitation, as recited 
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in independent Claim 1, "would have been obvious to one of ordinary skill in the art." 
According to the M.P.E.P., "Ordinarily, there must be some form of evidence in the record to 
support an assertion of common knowledge." M.P.E.P. ch. 2143.03(B) (Rev. 2, May 2004). 
Moreover, "It is never appropriate to rely solely on "common knowledge" in the art without 
evidentiary support in the record, as the principal evidence upon which a rejection was based." 
Id. at ch. 2143.03(A). "The examiner must provide specific factual findings predicated on 
sound technical and scientific reasoning to support his or her conclusion of common 
knowledge." Id, at ch. 2143.03(B). If the Examiner intends to rely on information that was 
generally available to a person having ordinary skill in the art at the time of the invention to 
demonstrate that the above limitation, as recited in independent Claim 1, would have been 
obvious to a person having ordinary skill in the art at the time of the invention, the Examiner 
must provide documentary evidence that such information was in fact generally available to a 
person having ordinary skill in the art at the time of the invention, as governing Federal 
Circuit case law and the M.P.E.P. require. The Examiner has failed to do so. 

Next, the Examiner asserts, "One of ordinary skill in the art would have turned to 
Roden et al to use a computer to perform these steps as Roden et al is directed to a contract 
system between a buyer and a distributor of goods/services." Appellant respectfully disagrees 
with the Examiner. The Examiner fails to point out exactly where Roden allegedly discloses, 
teaches, or suggests a "contract system between a buyer and a distributor of goods/services," 
and Appellant submits that Roden in fact makes no such disclosure, teaching, or suggestion. 
As discussed above, Roden merely discloses a supplier modifying a forecast of demand 
according to a quantity of items that a company (other than the supplier) has dispensed to 
consumers and a frequency at which the company dispensed the items. Even assuming for the 
sake of argument that Roden disclosed a "contract system between a buyer and a distributor of 
goods/services," Roden would still fail to disclose, teach, or even suggest, as recited in 
independent Claim 1 : 

determining at the buyer computer whether the indicated current buyer 
demand exceeds a maximum option quantity specified in the option 
contract^ and 
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if the indicated current buyer demand does not exceed the maximum 
option quantity specified in the option contract^ communicating fi-om the 
buyer computer to the seller computer a request to exercise at least a 
portion of the option based at least in part on the indicated current buyer 
demand. 

Appellant notes that the Examiner fails to explain how "one of ordinary skill in the art" would 
have relied on Roden as the Examiner proposes. With respect to combining Roden with 
Schultz and what the Examiner asserts without any supporting rationale or supporting 
evidence "would have been obvious to one of ordinary skill in the art," the Examiner merely 
states, "One of ordinary skill in the art would have tumed to Roden et al . . . as Roden et al is 
directed to a contract system between a buyer and a distributor of goods/services." Appellant 
respectfully submits that, for at least the following reasons, such an assertion fails to 
demonstrate that Roden, Shultz, what the Examiner asserts "would have been obvious to one 
of ordinary skill in the art," or knowledge generally available to a person having ordinary skill 
in the art at the time of the invention provide any teaching, suggestion, or motivation to make 
the proposed combination, as goveming Federal Circuit case law and the M.P.E.P. require. 
Appellant further respectfully submits that such an assertion fails to demonstrate that a person 
having ordinary skill in the art at the time of the invention would have reasonably expected 
the proposed combination to achieve the purported results, as goveming Federal Circuit case 
law and the M.P.E.P. further require. 

Nowhere does the Examiner demonstrate, with respect to the proposed combination, 
that Roden, Schultz, what the Examiner asserts "would have been obvious to one of ordinary 
skill in the art," or knowledge generally available to a person having ordinary skill in the art 
at the time of the invention provide any teaching, suggestion, or motivation whatsoever to 
make the proposed combination. The Examiner merely asserts, "One of ordinary skill in the 
art would have tumed to Roden et al . . . as Roden et al is directed to a contract system 
between a buyer and a distributor of goods/services." The Examiner does not even attempt to 
demonstrate that such a teaching, suggestion, or motivation can be found in Roden, Schultz, 
what the Examiner asserts "would have been obvious to one of ordinary skill in the art," or 
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knowledge generally available to a person having ordinary skill in the art at the time of the 
invention. If the Examiner intends to assert that a teaching, suggestion, or motivation to rely 
on Roden as the Examiner proposes could have been found in information generally available 
to a person having ordinary skill in the art at the time of the invention, the Examiner must 
provide documentary evidence that such information was in fact generally available to a 
person having ordinary skill in the art at the time of the invention, as governing Federal 
Circuit case law and the M.P.E.P. require. The Examiner has failed to do so. 

Moreover, nowhere does the Examiner demonstrate that a person having ordinary 
skill in the art at the time of the invention would have reasonably expected the proposed 
combination to achieve the purported results. First, the Examiner fails to demonstrate that the 
proposed combination would have in fact achieved the purported results. Nowhere does the 
Examiner even attempt to demonstrate that combining Roden with Schultz and what the 
Examiner asserts "would have been obvious to one of ordinary skill in the art" would have 
actually enabled, as recited in independent Claim 1 : 

determining at the buyer computer whether the indicated current buyer 
demand exceeds a maximum option quantity specified in the option 
contracts and 

if the indicated current buyer demand does not exceed the maximum 
option quantity specified in the option contract^ communicating from the 
buyer computer to the seller computer a request to exercise at least a 
portion of the option based at least in part on the indicated current buyer 
demand. 

Second, even assuming for the sake of argument that the proposed combination would have 
produced the purported results, the Examiner fails to demonstrate that a person having 
ordinary skill in the art at the time of the invention would have reasonably expected such 
results. The Examiner merely asserts, "One of ordinary skill in the art would have turned to 
Roden et al to use a computer to perform these steps." The Examiner does not even attempt 
to demonstrate that a person having ordinary skill in the art at the time of the invention would 
have reasonably expected the system disclosed in Roden, when combined with Schultz and 
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what the Examiner asserts "would have been obvious to one or ordinary skill in the art," to 
enable "these steps." If the Examiner intends to rely on information that was generally 
available to a person having ordinary skill in the art at the time of the invention to 
demonstrate that a person having ordinary skill in the art at the time of the invention would 
have expected these purported results, the Examiner must provide documentary evidence that 
such information was in fact generally available to a person having ordinary skill in the art at 
the time of the invention, as goveming Federal Circuit case law and the M.P.E.P. require. 
The Examiner has failed to do so. 

After asserting that "[o]ne of ordinary skill in the art would have tumed to Roden et al 
to use a computer to perform these steps," the Examiner further asserts: 

The "automatically and without user input" steps or functions would have 
been obvious to one of ordinary sill in the art to do when programming the 
combined systems noted above. The "automatically and without user input" 
functions would have expedited an acknowledgement to perform a buyer or 
seller request. 

Appellant respectfully disagrees with the Examiner. The Examiner merely asserts that, 
because the limitation indicated above would have, according to the Examiner, provided an 
advantage, i.e., "expedit[ing] an acknowledgement to perform a buyer or seller request," the 
limitation indicated above would have been obvious to a person having ordinary skill in the 
art at the time of the invention. Appellant respectfully submits that such rationale is entirely 
insufficient under goveming Federal Circuit case law and the M.P.E.P. to support an 
obviousness rejection. Moreover, contrary to the requirements of goveming Federal Circuit 
case law and the M.P.E.P., the Examiner provides no evidence whatsoever supporting the 
Examiner's assertion that the limitation indicated above "would have been obvious to one of 
ordinary skill in the art." Appellant reiterates that, according to the M.P.E.P., "Ordinarily, 
there must be some form of evidence in the record to support an assertion of common 
knowledge." M.P.E.P. ch. 2143.03(B) (Rev. 2, May 2004). Moreover, "It is never 
appropriate to rely solely on "common knowledge" in the art without evidentiary support in 
the record, as the principal evidence upon which a rejection was based." Id, at ch. 
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2143.03(A). "The examiner must provide specific factual findings predicated on sound 
technical and scientific reasoning to support his or her conclusion of common knowledge." 
Id. at ch. 2143.03(B). If the Examiner intends to rely on information that was generally 
available to a person having ordinary skill in the art at the time of the invention to demonstrate 
that the limitation indicated above would have been obvious to a person having ordinary skill 
in the art at the time of the invention, the Examiner must provide documentary evidence that 
such information was in fact generally available to a person having ordinary skill in the art at 
the time of the invention, as governing Federal Circuit case law and the M.P.E.P. require. The 
Examiner has failed to do so. 

For at least these reasons, Schultz fails to support the Examiner's conclusion that the 

other limitations above were old and well known at the time of invention. Appellant therefore 

reiterates that the Examiner cannot properly take Official Notice that the other limitations 

above "are old and well knovm wdthin the management of any type of contract, and in the 

options art in particular. Therefore, it would have been obvious to one having ordinary skill in 

the art to include those steps." As Appellant pointed out in Appellant's January 21, 2004, 

Response, according to the M.P.E.P., "the notice of facts beyond the record which may be 

taken by the examiner must be 'capable of such instant and unquestionable demonstration as to 

defy dispute." M.P.E.P. ch. 2144.03(A) (Rev. 1, Feb. 2003). The M.P.E.P. continues: 

It would not be appropriate for the examiner to take official notice of 
facts without citing a prior art reference where the facts asserted to be well 
known are not capable of instant and unquestionable demonstration as being 
well-known. For example, assertions of technical facts in the areas of esoteric 
technology or specific knowledge of the prior art must always be supported by 
citation to some reference work recognized as standard in the pertinent art. 

Id, (emphasis in original). Furthermore, "[i]f such notice is taken, the basis for such 
reasoning must be set forth explicitly. The examiner must provide specific factual findings 
predicated on sound technical and scientific reasoning to support his or her conclusion of 
common knowledge," M.P.E.P. ch. 2144.03(B) (Rev. 1, Feb. 2003). The M.P.E.P. also 
states that, "[i]f applicant adequately traverses the examiner's assertion of official notice, the 
examiner must provide documentary evidence in the next Office action if the rejection is to 
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be maintained." M.P.E.P. ch. 2144.03(C) (Rev. 1, Feb. 2003). 

For at least these reasons, the proposed Aljian-Ritchken-Roden combination fails to 
disclose, teach, or suggest all elements of independent Claims 1 and 19. Independent Claims 
1 and 19 are therefore allowable over the proposed Aljian-Ritchken-Roden combination. 
Because dependent Claims 2-11 and 38 depend on independent Claim 1 and dependent 
Claims 20-27 and 39 depend on independent Claim 19, dependent Claims 2-11, 20-27, and 
38-39 are therefore also allowable over the proposed Aljian-Ritchken-Roden combination. 

G. Group 2 (Claims 12-18 and 18-3 7) 

The Examiner rejects Claims 12-18 and 18-37 nnd^r Aljian in view of Ritchken and in 
further view of Roden. Appellants respectfully submit that Claims 12-18 and 18-37 are 
allowable over the proposed Aljian-Ritchken-Roden combination. 

Claims 12-18 and 18-37 are separately patentable from every other claim subject to 
the same rejection and recite limitations that are substantially different from limitations 
recited in all other claims. Therefore, Appellants have grouped Claims 12-18 and 18-37 
together separately from all other claims. 

Independent Claim 12 recites: 

A method of optimizing multi-enterprise supply chain agreements 
using an electronic option contract, the method comprising: 

receiving at a seller computer terms of an option contract from a buyer 
computer, the terms comprising an option corresponding to a buyer's range of 
forecasted demand for a product; 

communicating to the buyer computer an acceptance of the terms of 
the option contract; 

storing the terms of the accepted option contract in a memory 
accessible to the seller computer; 

receiving, at the seller computer and from the buyer computer, a 
request to exercise at least a portion of the option based at least in part on an 
indication of current buyer demand for the product; 
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at the seller computer, automatically and without user input subsequent 
to receiving at the seller computer the request to exercise at least the portion 
of the option, in response to receiving the request: 

accessing the stored terms of the option contract; and 
using the stored terms of the option contract: 

determining v^hether an option period specified in the 
option contract has begun; 

if the option period has not yet begun, notifying the 
buyer computer that the request is premature; and 
if the option period has begun: 

determining whether the request specifies a 
request quantity that exceeds a maximum option 
quantity specified in the option contract; 

if the request quantity exceeds the maximum 
option quantity, notifying the buyer computer that the 
request is improper; and 

if the request quantity does not exceed the 
maximum option quantity, storing the request for seller 
compliance. 

Independent Claim 28 recites limitations substantially similar to limitations recited in 
independent Claim 12. 

Even assuming for the sake of argument that Aljian^ Ritchken, and Roden could be 
combined with each other as the Examiner proposes, the proposed Aljian-Ritchken-Roden 
combination would still fail to disclose, teach, or suggest limitations recited in independent 
Claim 12. 

The Examiner acknowledges that Aljian fails to disclose, teach, or suggest, the 
following limitations recited in independent Claim 12: 

• receivings at the seller computer and from the buyer computer, a request 
to exercise at least a portion of the option based at least in part on an 
indication of current buyer demand for the product, 

at the seller computer, automatically and without user input subsequent 
to receiving at the seller computer the request to exercise at least the 
portion of the optiouy in response to receiving the request: 

• accessing the stored terms of the option contract^ and 



DAL01:832601.1 



ATTORNEY DOCKET NO. PATENT APPLICATION 

020431.0467 09/398,170 

20 



using the stored terms of the option contract: 

• determining whether an option period specified in the option 
contract has begun; 

• if the option period has not yet begun, notifying the buyer 
computer that the request is premature; and 

• if the option period has begun : 

determining whether the request specifies a request quantity 
that exceeds a maximum option quantity specified in the 
option contract; 

if the request quantity exceeds the maximum option quantity, 
notifying the buyer computer that the request is improper; 
and 

if the request quantity does not exceed the maximum option 
quantity, storing the request for seller compliance. 

To make up for the fact that Aljian fails to disclose, teach, or suggest the first of these 
limitations, the Examiner asserts that Roden discloses receiving, at the seller computer and 
from the buyer computer, a request to exercise at least a portion of the option based at least 
in part on an indication of current buyer demand for the product^ as recited in independent 
Claim 12. Roden clearly fails to disclose, teach, or suggest this limitation. Instead, as 
Applicants have pointed out, Roden merely discloses a supplier modifying, after an initial 
period of time, a forecast of demand according to a quantity of items that a company (other 
than the supplier) has dispensed to consumers and a frequency at which the company dispensed 
the items. 

To make up for the fact that Aljian fails to disclose, teach, or suggest the other 
limitations indicated above, the Examiner takes Official Notice that these limitations "are old 
and well known within the management of any type of contract, and in the options art in 
particular. Therefore, it would have been obvious to one having ordinary skill in the art to 
include those steps." In Appellant's Response mailed January 21, 2004, Appellant argued that 
the Examiner could not properly take Official Notice that the other limitations indicated above 
were "old and well known" at the time of the invention. Appellant notes that, in the Office 
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Action mailed May 19, 2004, the Examiner failed to respond to Appellant's argimient. Instead, 
the Examiner merely responded to Appellant's argument in Appellant's response mailed 
January 21, 2004, that the Examiner could not properly take Official Notice that particular 
limitations recited in independent Claim 1 were "old and well known," The Examiner cites 
Schultz to support the Examiner's conclusion that particular limitations recited in independent 
Claim 1 were "old and well known," as discussed above, but does not indicate in any way how 
Schultz allegedly supports the Examiner's conclusion that the other limitations indicated above 
were "old and well knovm." 

Therefore, Appellant reiterates that the Examiner has asserted that these limitations 
were old and well knovm at the time of invention without "provid[ing] specific factual 
findings predicated on sound technical and scientific reasoning to support [the Examiner's] 
conclusion of common knowledge," as the M.P.E.P. requires. In addition, the Examiner's 
assertion that the above limitations were old and well known at the time of invention is hardly 
"capable of such instant and unquestionable demonstration as to defy dispute," as the 
M.P.E.P. further requires. Accordingly, Applicant respectfully submits that the Examiner has 
improperly taken Official Notice that the above limitations were old and well known at the 
time of invention. If the Examiner intends to maintain this rejection, the Examiner must 
provide documentary evidence that the above limitations were old and well known at the time 
of invention, as the Examiner asserts. The Examiner has failed to do so. 

For at least these reasons, the proposed Aljian-Ritchken-Roden combination fails to 
disclose, teach, or suggest all elements of independent Claims 12 and 28. Independent 
Claims 12 and 28 are therefore allowable over the proposed Aljian-Ritchken-Roden 
combination. Because dependent Claims 13-18 and 29-37 depend on independent Claims 12 
and 28, respectively, dependent Claims 13-18 and 29-37 are therefore also allowable over the 
proposed Aljian-Ritchken-Roden combination 
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Conclusion 



Appellant has demonstrated that the present invention, as claimed, is clearly 
distinguishable over the prior art cited by the Examiner. Therefore, Appellant respectfully 
requests the Board of Patent Appeals and Interferences to reverse the final rejection of the 
Examiner and instruct the Examiner to issue a notice of allowance of all claims. 

Appellant believes no fees are due, however, the Conamissioner is hereby authorized 
to charge any fee and credit any overpayment to Deposit Account No. 02-0384 of Baker 
Botts L.L.P. 



Respectfully submitted. 



BAKER BOTTS L.L.P. 



Attorneys for Appellant 




Christopher W. Kennerly 
Reg. No. 40,675 



Date: January 4, 2005 



Correspondence Address: 



Customer Number: 05073 
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Appendix A 

A method of optimizing multi-enterprise supply chain agreements using an 



1 



electronic option contract, the method comprising: 

determining at a buyer computer a range of forecasted demand for a product; 

communicating from the buyer computer to a seller computer an offer to enter into an 
option contract for the supply of a product, the option contract including an option 
corresponding to the range of forecasted demand; 

executing the option contract; 

receiving at the buyer computer an indication of current buyer demand for the 
product; 

automatically and without user input subsequent to receiving at the buyer computer 
the indication of current buyer demand for the product, determining at the buyer computer 
whether the indicated current buyer demand exceeds a maximum option quantity specified in 
the option contract; and 

automatically and without user input subsequent to determining at the buyer computer 
whether the indicated current buyer demand exceeds the maximum option quantity specified 
in the option contract, if the indicated current buyer demand does not exceed the maximum 
option quantity specified in the option contract, conmiunicating from the buyer computer to 
the seller computer a request to exercise at least a portion of the option based at least in part 
on the indicated current buyer demand. 

2. The method of Claim 1, wherein the option comprises a range of parameters 
selected from a group consisting of: 

a minimum quantity of a product that the buyer is obligated to purchase, and a 
maximum quantity of the product that the seller is obligated to supply; 

a minimum number of product types that the buyer is obligated to purchase, and a 
maximum number of product types that the seller is obligated to supply; and 

a minimum number and a maximum number of locations where a product must be 
delivered. 
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3. The method of Claim 1, wherein the option comprises a pluraUty of ranges of 
parameters each selected from a group consisting of: 

a minimum quantity of a product that the buyer is obligated to purchase, and a 
maximum quantity of the product that the seller is obligated to supply; 

a minimum number of product types that the buyer is obligated to purchase, and a 
maximum number of product types that the seller is obligated to supply; and 

a minimum number and a maximum number of locations where a product must be 
delivered. 

4. The method of Claim 1, wherein the option contract includes an exercise 
period comprising a period of time after the execution of the option contract during which the 
buyer must exercise its option. 

5. The method of Claim 4, wherein exercising the option comprises: 
specifying a first quantity of product desired at a first time during the exercise period; 
specifying a second quantity of product desired at a second time during the exercise 

period; 

and wherein the updated forecasted demand comprises the sum of the first and second 
quantities of product desired. 

6. The method of Claim 1, further comprising: 

receiving from the seller computer a modified range of forecasted demand comprising 
the range of forecasted demand modified by an optimization model at the seller computer; 
and 

accepting the modified range of forecasted demand as a term to the option contract. 
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7. The method of Claim 1 , further comprising: 
receiving a proposed contract term from the seller computer; 
accessing a memory comprising a range of acceptable contract terms; and 
comparing the proposed contract term to the range of acceptable contract terms. 

8. The method of Claim 7, further comprising: 

determining that the proposed contract term is within the range of acceptable contract 
terms; and 

accepting the proposed contract term without user input. 

9. The method of Claim 7, further comprising: 

determining that the proposed contract term is not within the range of acceptable 
contract terms; and 

identifying the proposed contract term as a term requiring user input prior to 
acceptance. 

1 0. The method of Claim 1 , further comprising: 

determining at the buyer computer a proposed option price comprising a value of the 
option to a buyer associated with the buyer computer; 

communicating from the buyer computer to the seller computer the proposed option 
price; and 

negotiating with the seller computer an agreed option price based on the value of the 
option to the buyer and a cost of the option to a seller associated with the seller's computer. 
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11, The method of Claim 10, wherein negotiating an agreed option price 
comprises: 

receiving from the seller computer a modified proposed range of forecasted demand 
comprising the proposed range of forecasted demand modified by an optimization model at 
the seller computer; 

determining a modified proposed option price based on the modified proposed range 
of forecasted demand; and 

communicating the modified proposed option price to the seller computer. 



DAL01:832601.1 



ATTORNEY DOCKET NO. PATENT APPLICATION 

020431.0467 09/398,170 



12. A method of optimizing multi-enterprise supply chain agreements using an 
electronic option contract, the method comprising: 

receiving at a seller computer terms of an option contract from a buyer computer, the 
terms comprising an option corresponding to a buyer's range of forecasted demand for a 
product; 

communicating to the buyer computer an acceptance of the terms of the option 
contract; 

storing the terms of the accepted option contract in a memory accessible to the seller 
computer; 

receiving, at the seller computer and from the buyer computer, a request to exercise at 
least a portion of the option based at least in part on an indication of current buyer demand 
for the product; 

at the seller computer, automatically and without user input subsequent to receiving at 
the seller computer the request to exercise at least the portion of the option, in response to 
receiving the request: 

accessing the stored terms of the option contract; and 
using the stored terms of the option contract: 

determining whether an option period specified in the option contract 
has begun; 

if the option period has not yet begun, notifying the buyer computer 
that the request is premature; and 

if the option period has begun: 

determining whether the request specifies a request quantity 
that exceeds a maximum option quantity specified in the option 
contract; 

if the request quantity exceeds the maximum option quantity, 
notifying the buyer computer that the request is improper; and 

if the request quantity does not exceed the maximum option 
quantity, storing the request for seller compliance. 
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13. The method of Claim 12, wherein the option comprises a range of parameters 
selected from a group consisting of: 

a minimum quantity of a product that the buyer is obligated to purchase, and a 
maximum quantity of the product that the seller is obligated to supply; 

a minimum number of product types that the buyer is obligated to purchase, and a 
maximum number of product types that the seller is obligated to supply; and 

a minimum number and a maximum number of locations where a product must be 
delivered. 

14. The method of Claim 12, wherein the option comprises a plurality of ranges of 
parameters each selected from a group consisting of: 

a minimum quantity of a product that the buyer is obligated to purchase, and a 
maximum quantity of the product that the seller is obligated to supply; 

a minimum number of product types that the buyer is obligated to purchase, and a 
maximum number of product types that the seller is obligated to supply; and 

a minimum number and a maximum number of locations where a product must be 
delivered. 

15. The method of Claim 12, wherein the option contract includes an exercise 
period comprising a period of time after the execution of the option contract during which the 
buyer must exercise its option, and wherein enforcing the terms of the option contract 
comprises: 

receiving a request from the buyer computer to exercise the buyer's option comprising 
an identification of the buyer's exercised level of demand under the contract; 

accessing the memory to retrieve the stored contract terms, including an exercise 
period begin date and an exercise period end date; and 

comparing a current date to the exercise period begin date and the exercise period end 

date. 
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16. The method of Claim 15, further comprising: 

determining that the exercise period has begun and has not expired; and 
accepting the buyer computer's request to exercise the buyer's option. 

17. The method of Claim 16, wherein the buyer computer's request comprises an 
identification of a first quantity of product desired, and further comprising: 

storing the request for a first quantity of product desired in the memory; 
receiving a subsequent request from the buyer computer to exercise the buyer's option 
comprising an identification of a second quantity of product desired; 
determining that the exercise period has not yet expired; and 
storing the request for a second quantity of product desired in the memory. 

18. The method of claim 16, further comprising: 

comparing the buyer's exercised demand level to a minimum obligation of the buyer 
under the contract; and 

determining a penalty if the buyer's minimum obhgation level exceeds the buyer's 
exercised demand level after the expiration of the exercise period. 
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19. A procurement manager operable to be executed on the processor of a buyer 
computer, the procurement manager comprising: 

a forecast module operable to determine the buyer's range of forecasted demand for a 
product; 

a negotiation module operable to communicate to a seller computer an offer to enter 
into an option contract for the supply of a product, the option contract including a proposed 
option corresponding to the range of forecasted demand, the negotiation module further 
operable to receive from the seller computer a modified range of forecasted demand, to 
communicate the modified range of forecasted demand to the forecast module, and to receive 
from the forecast module a compromised range of forecasted demand; 

an execution module operable to execute an option contract including an option 
corresponding to the compromised range of forecasted demand; and 

an exercise module operable to: 

receive from the forecast module an indication of current buyer demand for 

the product; 

determine whether the indicated current buyer demand exceeds a maximum 
option quantity specified in the option contract; and 

if the indicated current buyer demand does not exceed the maximum option 
quantity specified in the option contract, communicate to the seller computer a request 
to exercise at least a portion of the option based at least in part on the indicated 
current buyer demand. 
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20. The procurement manager of Claim 19, wherein the option comprises a range 
of parameters selected from a group consisting of: 

a minimum quantity of a product that the buyer is obUgated to purchase, and a 
maximum quantity of the product that the seller is obligated to supply; 

a minimum number of product types that the buyer is obligated to purchase, and a 
maximum number of product types that the seller is obligated to supply; and 

a minimum number and a maximum number of locations where a product must be 
delivered. 

21. The procurement manager of Claim 19, wherein the option comprises a 
plurality of ranges of parameters each selected from a group consisting of: 

a minimum quantity of a product that the buyer is obligated to purchase, and a 
maximum quantity of the product that the seller is obligated to supply; 

a minimum number of product types that the buyer is obligated to purchase, and a 
maximum number of product types that the seller is obligated to supply; and 

a minimum number and a maximum number of locations where a product must be 
delivered. 

22. The procurement manager of Claim 19, wherein the option contract includes 
an exercise period comprising a period of time after the execution of the option contract 
during which the buyer must exercise its option, and wherein the exercise module is further 
operable to specify a first quantity of product desired at a first time during the exercise period 
and to specify a second quantity of product desired at a second time during the exercise 
period, the buyer's obligation under the option contract comprising the sum of the first and 
second quantities of product desired. 
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23. The procurement manager of Claim 19, wherein the negotiating module is 
further operable to receive a proposed contract term from the seller computer, access a 
memory comprising a range of acceptable contract terms, determine that the proposed 
contract term is within the range of acceptable contract terms, and to accept the proposed 
contract term without user input. 

24. The procurement manager of Claim 19, wherein the negotiating module is 
further operable to receive a proposed contract term from the seller computer, access a 
memory comprising a range of acceptable contract terms, determine that the proposed 
contract term is not within the range of acceptable contract terms, and to identify the 
proposed contract term as a term requiring user input prior to acceptance. 

25. The procurement manager of Claim 19, further comprising an aggregation 
module operable to compare a buyer's aggregation of parameters with a seller's aggregation 
of parameters, and to transform at least one of the aggregations of parameters to conform 
with a common aggregation of parameters. 

26. The procurement manager of Claim 19, further comprising an option price 
module operable to determine a proposed option price comprising a value of the option to a 
buyer associated with the procurement manger and to communicate the proposed option price 
to a seller computer, and wherein the negotiation module is operable to negotiate with the 
seller computer an agreed option price based on the value of the option to the buyer and a 
cost of the option to a seller associated with the seller's computer. 

27. The procurement manger of Claim 19, further comprising a tracking module 
operable to store terms of the executed option contract and to track the buyer's fulfillment of 
its obligations under the option contract. 
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28. A supply manager operable to be executed on the processor of a seller 
computer, the supply manager comprising: 

a forecast module operable to determine the seller's range of forecasted supply 
capacity for a product; 

a negotiation module operable to receive from a buyer computer an offer to enter into 
an option contract for the supply of a product, the option contract including a proposed option 
corresponding to a range of forecasted demand; 

an execution module operable to execute the option contract and to store the terms of 
the option contract in a memory accessible to the seller computer; and 

a tracking module operable to receive, from the buyer computer, a request to exercise 
at least a portion of the option; and 

in response to receiving the request: 

access the stored terms of the option contract; and 
using the stored terms of the option contract: 

determine whether an option period specified in the option 
contract has begun; 

if the option period has not yet begun, notify the buyer 
computer that the request is premature; and 
if the option period has begun: 

determine whether the request specifies a request 
quantity that exceeds a maximum option quantity specified in 
the option contract; 

if the request quantity exceeds the maximum option 
quantity, notify the buyer computer that the request is 
improper; and 

if the request quantity does not exceed the maximum 
option quantity, storing the request system for seller 
compliance. 
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29. The supply manager of Claim 28, wherein the option comprises a range of 
parameters selected from a group consisting of: 

a minimum quantity of a product that the buyer is obligated to purchase, and a 
maximum quantity of the product that the seller is obligated to supply; 

a minimum number of product types that the buyer is obligated to purchase, and a 
maximum number of product types that the seller is obligated to supply; and 

a minimum number and a maximum number of locations where a product must be 
delivered. 

30. The supply manager of Claim 28, wherein the option comprises a plurahty of 
ranges of parameters each selected from a group consisting of: 

a minimum quantity of a product that the buyer is obligated to purchase, and a 
maximum quantity of the product that the seller is obligated to supply; 

a minimum number of product types that the buyer is obligated to purchase, and a 
maximum number of product types that the seller is obligated to supply; and 

a minimum number and a maximum number of locations where a product must be 
delivered. ^ 

31. The supply manager of Claim 28, wherein the option contract includes an 
exercise period during which the buyer must exercise its option, and wherein the option 
contract comprises a maximum supply quantity that the seller has agreed to supply, and 
wherein the request to exercise the option comprises a first request for a first quantity of 
product desired, and wherein the tracking module is operable to store the request in the 
memory if a current date is within the exercise period and the first quantity is less than or 
equal to the maximum supply quantity. 
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32. The supply manager of Claim 31, wherein the request to exercise the option 
comprises a second request for a second quantity of product desired, and wherein the tracking 
module is operable to store the request in the memory if a current date is within the exercise 
period and the sum of the first and second quantities is less than or equal to the maximum 
supply quantity. 

33. The supply manager of Claim 28, wherein the option contract comprises a 
penalty term specifying a penalty for a violation of the contract terms, and wherein the 
tracking module is operable to identify a violation of the contract terms and to assess a 
penalty for the violation based on the penalty term. 

34. The supply manager of Claim 28, wherein the offer to enter into the option 
contract comprises a proposed term, and wherein the negotiation module is operable to access 
a memory comprising a range of acceptable contract terms, determine that the proposed 
contract term is within the range of acceptable contract terms, and to accept the proposed 
contract term without user input. 

35. The supply manager of Claim 28, wherein the offer to enter into the option 
contract comprises a proposed term, and wherein the negotiation module is operable to 
access a memory comprising a range of acceptable contract terms, determine that the 
proposed contract term is not within the range of acceptable contract terms, and to identify 
the proposed contract term as a term requiring user input prior to acceptance, 

36. The supply manager of Claim 28, further comprising an aggregation module 
operable to compare a buyer's aggregation of parameters with a seller's aggregation of 
parameters, and to transform at least one of the aggregations of parameters to conform with a 
common aggregation of parameters. 
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37. The supply manager of Claim 28, further comprising an option price module 
operable to determine a proposed option price comprising a cost of the proposed option to a 
seller associated with the supply manger and to communicate the proposed option price to the 
buyer computer, and wherein the negotiation module is operable to negotiate with the seller 
computer an agreed option price based on the value of the option to the buyer and a cost of 
the option to a seller associated with the seller's computer. 

38. The method of Claim 1, further comprising, at the buyer computer: 
monitoring an exercised portion of the option; 

comparing the exercised portion of the option with a minimum option quantity 
specified in the option contract to determine whether a buyer obligation under the option 
contract has been met; 

determining whether an option period specified in the option contract has ended; and 
if the buyer obUgation has not been met and the option period has ended, determining 
an applicable buyer penalty based at least in part on a penalty specified in the option contract. 

39. The procurement manager of Claim 19, further comprising a tracking module 
operable to: 

monitor an exercised portion of the option; 

compare the exercised portion of the option with a minimum option quantity specified 
in the option contract to determine whether a buyer obligation under the option contract has 
been met; 

determine whether an option period specified in the option contract has ended; and 
if the buyer obligation has not been met and the option period has ended, determine an 
applicable buyer penalty based at least in part on a penalty specified in the option contract. 
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POLICY AND PROCEDURE MANUALS 



Inspection as a Check on Specifications. AH specificaiions must be 
reasonably checked. Inspection is not a function of the purchasing de- 
partment, but the purchasing department should be informed of results 
so that it can place orders with the sellers who supply the most satisfactory 
goods and services. 

The purchasing department should make certain that the first castings 
from a new pattern or mold, the first stampings from a new die> or the 
first shipment of materials made to blueprints or specifications are 
checked and approved by engineering, production, or other authority 
before production quantities are released. 

The buyer should show on purchase orders for patterns, tools, dies, 
molds, jigs, and fixtures that "Payment will not be approved until pro- 
duction samples have been inspected and approved by purchaser.'^ The 
purchase order should also state who owns, maintains, and insures these 
special production facilities. 

Savings tlirottgh Specification Examination, One additional method 
used to'^promote^ money savings is to continually examine specifications 
from which production, maintenance, and operating materials are pur- 
chased. .V study of such specifications may result in modifications wherein 
the function performed will not be altered but its cost will be reduced. 
It is important to determine the origin of specifications currently in use. 
A thorough investigation by competent purchasing personnel might indi- 
cate that specifications should be modernized to include newer, improved 
materials. 

Buying Proper Quantity, Section 8 

Buying proper qiumtity usually includes a formula for purchasing 
minimum and maximum quantities and a typical section on this subject 
follows: 

BUYING PROPER QUANTITY! The quantities to be bought are determined 
from known factors of demand, supply, and cost. The demand factor 
appears from the estimates of the sales, production, or uKiinLcnance de- 
partments, or from the records of the stores department showing with- 
thawals from stock. The supply factor is drawn from the reserve stock 
of anv item carried in inventory and from tlio time required to secure 
tleliverv. TIic cost factor is derived from the inventory carrying cliargeS 
und the price advantages possible on quantity purchases, in order to 
cstal)[isli the tpiantitv to be bought, tliese factors must be combined ni 
MKli a manner thai the material wiil cost the lea>i in terms of nhimate 
cost. 

Since the most economical quantity to order at any one tmie seldom 
meets the requirements of demand, some storage of materials is desirable 
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from an uhimate cost standpoint. Storage is also necessary to ensure that 
raatenals w.ll be available when and where they are needed 

thi'demand"!? ' '"""'k" purchasing department to determine 

the demand. I h.s must be decided by the manufacturing, planning 
scheduhng. or stores departn,ents. The ptuchasing department.'howevef 
should contnn.ou.ly keep inforu.ed about operating Lndiuon and any 
anticipated changes .Inch will affect demand. The other two factor! 
whtch determine quant.ty-availability and cost-are for the purchasing 
department to determine. It is. therefore, logical that the interested de^ 
partments need to cooperate to assemble all the factors and determine 
the proper quantities to order. ciciuune 

Formula for Minimum Ordering QuanUty. Stated simply, a good work- 
mg formula .s: immediate net demand, minus stock on Lnf.. plus the 
oSety '''' ^''^""'^ P^"^ ^ reasonable margin 

This forniula makes no allowance for a possible minimum charge per 

■ Zt' rr "r;"^' "'''^""^ ^ '^^^er quantity, or for fluctuations 
I m market prices. Minimum ordering quantity should be used as an actua 
i ordering quantity when it is as economical to buy this amount "any 
^^rger quantity, or when a drop in prices is probable, or when storage 
-of a larger order would be impractical ^ 

k Z^inZn ""t""^ ^^''"'^ be established at 

I pomt where he carrying costs and risks on inventory balance the gains 
|btained by ordering in larger quantities ^ 

ilZ^" 'T"'"' ^^'--ining the proper quantities have been 
^Wished in purchasing, inventory control, and production control text- 
InsTdered'' °^ handbook). Some of the factors 



untnThl l^'^"'-"'"^"' ^'-^"^ 'he time the purchase is requisitioned 

tfn sires Th '"^P^^'«'' Pl-<=«1 

|n stores. This includes the expense of receiving and inspecting, the 
Ixpense ol the purchasing department chargeable to the^order^ and 
^at of the accounting department in handling the invoice and pay- 

gie quantity to be purchased for a given period. 
|e interest charges for carrying the inventory, 
jl^opge charges on the goods. 
P^serve stock necessary for emergencies. 
^ unit purchase price. 
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BLANKET PURCHASE ORDERS 5 

companies could apply such a system to between 80 and 90 per cent of 
all purchase orders issued and would find that tliis volume of paper work 

approximately 15 per cent of the purchasing-dollar commitments. 

=: A form comb.nmg the purchase order and blank check is illustrated 
- .-by F.g. 5-10 Its printed limitation is $1,000; however, this figure was 
$200 when the sj^tem was started by the company. The separate check 
form used by the County of Los Angeles is shown in Fig. 19-lG. 

BLANKET PURCHASE ORDERS 
"Blanket purchase order" is a rather broad term frequently used to 
cover a number of different types of agreements: price agreements, stand- 
ard orders, open orders, open-end orders, staggered delivery orders, req- 
uisition orders, scheduled orders, orders of intent, and open-end con- 
tracts. The basic differences between these various agreements are minor 
In general, a blanket order may be described as an incomplete contract 
with a given vendor to purchase certain items from that vendor The 
blanket order will normally spell out all terms, conditions, deliverine 
instructions, and other constant information, including prices, for a spec 
jfied period of time. The blanket order may or may not be backed up 
by a formal contract. ^ 

A blanket order is ir,co,r,pletc in that it is not usually an authorization 
to ship anything. Only when the specified vendor receives a bona fide 
shipping requisition or other type of release, written or verbal, does the 
act ot purchasing become effective. 

Blanket orders may cover nearly every type of material from chemicals 
and inks to bread and window-washing services. Reasons for using blnke 

J:S"on"are "^""^"^ '^^^ ^'^''^ ^" P"-'--S 

i ^^'^"^^ P^P^*" ^^^' J^ those items bought repetitively 

polTThTrT/"" ''•''""'"^ advantages of quantity purchasing 
Ce ol a . q"-'"y J-Presenting an organization's purchasing 
power on a given item might come from combining the requirements 
of va ^^^^ determining the total requiremem 

^ a given year at a single facility. ^ ements 

■ ^WlT'r'"' ordering materials on a day-by-day basi.s 

•and hees'tablT' ""r""' ''^^ -"^ors 

4 '^hm^^t of prices, terms, and other conditions 

• ^^^'I'^^^^/^ount of routine information exchanged through the 
prices, and conditions are present, the feeling here is that the physical 
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Checking or invoices and the receiving of inEonnution become an ac- 

Ten concentrate their efforts on nonroutine acqutstt.ons. .wth onl> 
periodic reviews of the various blanket orders. 

^' Provide price protection for a specified period of time. 

b Minimize in-plant inventories. Vendors receiving blanket oideis 

arHxpected to maintain an inventory on the items covered. 
c. ProXorganized procedure for reviewing purchases of groups of 

commodities on a regular basis, 
under any blanket-order system the procedure for establishing and 

deleeates authoritv to another department to issue releases directly to 

dollar-value transactions. 

BIBLIOGRAPHY 

Same as for Section 4, "Legal and Catalog 

Other books on purchase orders aie listed m bection zo, 

''Akditiona. samples of purchase order for.s are illustrated in Section 25. 

"Forms and Records.*' 
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PURPOSE OF INVENTORY 

Inventory is created for two general purposes, namely, protection and 
economy: 

1. To provide sufficient material to meet demands for the particular 
raw material, fabricated part, or finished product with a minimum 
of delay (i.e., protection) 

2. To effect lower product costs by realizing the economies resulting 
from longer manufacturing runs, and from purchasing larger quan- 
titles per order (i.e., economy) 

Although there may be a variety of individual reasons for creating 
inventory under a given set of circumstances, if closely examined, they 
will all fall into one of the two categories mentioned above. 



FACTORS INFLUENCING INVENTORY 

In the act of creating inventory, there are two fundamental questions 
which must be answered in every instance, namely: 

1. How much to buy (or manufacture) at one time. 

2, When to buy (or manufacture) this quantity. 

Amwers to tJiese two questions must come from a proper considera- 
tion and evaluation of a number of different factors having a bearing on 
inventory and its control. Four of these factors are fundamental, and, 
without consideration for costs, could form the basis for any decision on 
how much to buy and when to buy. These are as follows: 

L Requirements, or demand, on a unit/time basis. This is based upon 
information from a production or sales forecast schedule. 

2. Quantity in stock and on order. This is usually obtained from a ledger 
record showing a stock balance plus any open purchase or manufactur- 
ing orders for previously known requirements. 

3. Procurement time, or lead time, is the total length of time to obtain a 
fresh supply of the item. 

4. Obsolescence. Consideration must always be given to the possibility 
of design changes or other factors which would make the material 
obsolete. 

If purchasing or manufacturing is to be done strictly to requirements, 
consideration of the above factors will be sufficient to determine "how 
much and ^Vhen" to order. However, if attention is to be given to re- 
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ducing inventory costs, then the following considerations must be added 
to the above list; namely: 

1. Ordering cost. This includes the cost of processing tlic purchase order, 
receiving and inspection costs, freight charges, and accounts payable 
costs to pay the vendors' invoices. 

2. Inventory caiiyiiig cost. This factor includes interest rate on average 
dollars in stock, insurance, cost of depreciation and obsolescence, and 
cost of storage facilities (rent, light, heat) based upon floor space of 
storage area, taxes, and handling costs. 

While the application of these cost factors to specific control tech- 
niques will be discussed in more detail later in this section, it should be 
noted at this point that the proper evaluation of the ordering and carry- 
ing costs is the key to one of the largest areas for reducing cost by in- 
ventory control. 

It should be readily understandable that the ordering cost, or carrying 
costs, will vary from industry to industry, and even between two plants 
in the same industry. However, the determination of these cost factors 
is a "must" if real "'cost control" of inventory is to exist. Since these costs 
are the direct result of the frequency of ordering and size of inventory, 
proper evaluation and comparison of the ordering and carrying cost 
under various ordering frequencies will reveal a most economical fre- 
quency or size of order, as will be discussed later in this section. 

Ordering Cost (Variable) 

Computation of this cost should be based on a period of not less than 
one year. 

Accuracy in establishing the cost elements needed to arrive at the 
ordering cost is essential to sound inventory policies. Determining the 
"fixed" and "variable" portions of this cost should be the result of careful 
consideration. 

The following data are required: 

1. Total number of purchase orders issued, 

2. Labor costs (and payroll costs) for the entire purchasing department, 
material control, receiving, and stores. Some of these costs are fixed, 
whereas some will vary with the number of orders issued. For example, 
the purchasing agent and the senior buyers would be "fixed costs"; 
other purchasing department personnel would be "variable." Stock- 
room personnel are charged either to the cost of carrying inventory 
or to the cost of ordering. (Usually these costs are 75 per cent for car- 
rying inventory and 25 per cent for ordering.) 
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FACTORS INFLUENCING INVENTORY 1^-7 

3- Cost of supplies (expense items). These include printed forms, paper 
ribbons, pencils, etc. About half of these costs would be considered 
variable. 

4. Flooispace and maintenance. Cost of office space occupied bv purchas- 
mg and material control. About 75 per cent is variable 

5. Incoming inspection. Cost of inspectio.i personnel, of which about 
25 per cent is variable. 

6. Accounts payable. Labor and payroll costs. About 90 per cent variable 

7. Inbound freight. About 25 per cent of this cost item is considered vari- 
able. 

8. Telephone and telegraph. About 50 per cent of these costs incurred by 
buying personnel are variable costs. 

Once all the above cost elements have been assemble<l and divided 
between f^xed and variable costs, tabulation like the following can be 
made. 



EXAMPLE 



Expenditure 


Actual cost 


% of 
actual cost 


Variable cost 


Labor 

Space— occupancy 

Incoming inspection 

Accounts payable 

Inbound freight . . . , , 

Telephone and telegraph . . . 


^00,000 
ISJOOO 
40,000 

100.000 
20,000 

100,000 
16,000 


60 
50 
75 
25 
90 
25 
50 


$240,000 
9,000 
30,000 
» 25.000 
, 18,000 
25,000 
8,000 


Total 


$694,000 




$355,000 



Total number of purchase ordera for the year: 20.000 

Actual cost per purchase order: ^^^'^^ - S34 70 

20,000"*^^'" 

Variable cost per purchase order: 555^22^ ^ ejy 75 

20.000 

Average number of items per purchase order: 2^ 
Variable cost per item: = $7.10 



23 



Inventory Carrying Cost (Variable) 

Accuracy and careful consideration are again of primary importance, 
ine tollowmg data are needed to establish the cost of owning inventory: 
1. Average mondily inventory for tlie period (year) under review. 
. J^terest. This is the current bank rate, charged for the use of money 
to a per cent would seem about right). Variable 100 per cent. 
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3. Taxes, This may vary from state to state, but will probably be 2 to 3 
per cent of average inventory. Variable 100 per cent. 

4. Insurance. This, too, will vary, with a figure of 10 cents per §1,000 
probably close to most rates. This, too, is a 100 per cent variable cost. 

5. Obsolescence. Actual amounts of purchased material, written off as 
obsolete, are used here. Normally this would be between 2 and 8 per 
cent, and it is 100 per cent variable. 

6. Shrinkage. Where this is a factor, allowance should be made for it; 
1 per cent seems about the permissible maximum, and about 20 per 
cent of the cost would be variable. 

7. Labor costs. These costs were used above in determining the cost of 
ordering, except for a portion of stockroom personnel. Stores people 
will "vary" in accordance with factory requirements (manufacturing 
orders), and the cost is not considered variable with inventory levels. 

8. Floorspace and maintenance. The fioorspace and other costs for the 
stores areas are usually variable 90 per cent, with 10 per cent fixed 
costs. This must be determined separately for each plant operation. 

9. Scrap. Actual amount of scrapped (purchased) materials is a variable 
cost. This would normally be less than 0.5 per cent of the average 
inventory. 

After assembling and apportioning the above cost elements, a tabula- 
tion, similar to the following, can be made. 

EXAMPLE 



Expenditure 


Actual cost 


. % of 
actual cost 


Variable 
costs, % 




$144,000 


100 


6 




72,000 


100 


3 




240 


100 


0.01 




144.000 


100 


6 




2,400 


20 


0,02 




70.000 






Space— occupancy 


80.000 


90 


5 




7300 


100 


0.31 


Total 


$520,140 




20.34 



Average monthly inventory: $2,400,000 

Variable cost (per cent) of carrying inventory = 20.34%* 

Variable cost of carrying inventory: $2,400,000 X 20.34 7o = $488,160 

• See Table 2^16 for a composite of estimates involved in carrying charges for 
inventory. 
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ORGANIZING FOR INVENTORY CONTROL 

In its broadest sense, effective inventory control requires more than just 
the creation of a control organization and delegation of responsibilities. 
It encompasses three general areas of study, namely: 

1. Forecasting future requirements and inventory turnover 

2. Characteristics of the inventory and classification of accounts 

3. Organization of manpower and delegation of responsibility 

Forecasting Future Requirements and Inventory Turnover 

Forecasting, If an objective survey were made of companies experi- 
encing a serious financial condition today due to excessive investment in 
inventory, the dominant contributing factor would be inaccurate fore- 
casting of future sales. The accuracy of sales forecasts as translated into 
production and inventory requirements decidedly affects cost of inventory 
and cost of factory operations. Investigation will prove that excessive in- 
ventory tends to go hand in hand with a short cash position— a particu- 
larly serious condition for any company with limited working capital. 
It is important to be cognizant of the following relationships: 

1. The inventory level is directly related to sales and production re- 
quirements. 

2. Attempts to change production rates as frequently as sales of finished 
goods fluctuate will result in excessive factory costs. \ 

3. Inaccurate sales and production forecasts will result in excessive or 
insufficient inventory, plus the associated extra costs which are shown 
in Fig, 13-1. 

These considerations highlight the need for a close working relationship 
between the sales department and inventory<ontrol organizations, and 
emphasize the need for a flexible inventory plan capable of quick adjust- 
ment to current conditions. 

Inventory Turnover, The inventory manager may well ask, "Is the in- 
ventory policy keyed to a 'barometer' that will provide adequate and 
timely warning of a change in the economic picture? Does the inventory- 
control system provide a means for detecting future increases or decreases 
in materials usage in time to allow corrective measures for adjusting 
the inventory level to meet the changing picture?** Many companies 
use as a "barometer" inventory inovemeiiror^umov^^^ which is simply 
the ratio of sales to stocks on hand. The method used to develop the 
ratio is of significance; it should incorporate sales forecasting, stocks on 
hand, and open commitments, as well as a comparison of past inventory 



^^^^ QUANTITY DETERMINATION 

tT^T: ^^"'"1 d«cu«ion of .he techniques applied is advisable 
To find turnover of materials in manufacturing, one may takT ,h 
requ.su.ons during the period and divide by the average mate^al 
ventoxy. This will give an index of the movement of maTeria U"' 
pendent of the production process. The turnover of materL s may at" 
be computed .n terms of production process by using the materTa/com 
ponent of goods completed. However, it is nit normal to use the 
bu ^ments from stock, or usage as it may be called, as the basis of ^riZ, 
at the nurxiber of months' inventory in stock. The work-in-proci turn 
over may be computed by dividing total production cost by theTve" 
inventory of work in process. The turnover of finished sUk T 
computed as purchased merchandise, that is. the average tvenTo?. ^ 
mater.als. work in process, and finished goods would be Ifvided iirthe 

^r^^ro^ ^"^^ - ^ — - « in 

Frequency of Turnover. How many times should an inventory turn 
over per year? Surveys have indicated that industry tends to average " p 
prox.mateIy ten stock turnovers annually, but thil figure differ defy 
m the type of bus.ness. For example, the retail dairy and poultry pr2 
ucts have a turnover of 36. Meat markeu operate at a tumovJof^ 

a vei fit"'"'"' *° ^ P^^'^^ '"^-"g inventory o^^y tl ce 

a year. us recognize. Iiowever, that there is a danger in being over 

W«s.ve .n mcreasi,^ the frequency of turnover, sinfce this can Ld 'o 
jr.o^consequen<^.Elaborati^ 

all duirsome consider it to be; Nor do all irive^^^^^ 

b^of^Zr « ^r"*"^ " ^"^^"""'^ " »>oos^. aWlhS^'r^ 
of annual stock turns increases, total cosu decline and profits rise 

T^Zr^ Vk'"'" ^y^^^'^ this point in many instances, the 

Xid^r" ^'^"."'•'"^ '"^-'^ the unique conditions in 

o emn^ r""' ^""^ determining factor.^ It is important 

be Te^l turnover in terms of total inventory may 

^eTmnact off ^^^""^ '^J-- -bating 

to vZXl '^"'"'^ «P--'-"^ -nd net profits in ordef 

to value the movement more concisely. 

1 T^mnnrh""'^'.!" Z''^ inventory level stood at 

!ear On the" f T"" ^"^""'^ approximately seven times a 
year. On the surface, th.s looked excellent, but this firm was suffering 
a substanttal loss due to parts shortages. It is necessary, therefore. Taf 
the degree of .nventory turnover be consistent with the tolerable num- 
ber of shortages that would not adversely affect production. As a general 
rule, a turnover of four to six times a year in the manufacturing and 
servicing types of industries may be considered acceptable. 
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thf fi"r;«pT" '"''"'r "'"^ of Accounts. One of 

Perhaps t h^ke to7,r '""^ " ""^^ '^''^"'^^ ■"^^'"-y 

pel naps the key to ultimate success of a control plan is the making of 

ro^s^teSts:^'^ ^ '-t;rL;« oT^hnu' 

accoum .vi L '"^'^'"o'-y. The thoughtful classification of 

accounts u.ll permit sound l.nancial control of inventory bv direrr.n.! 

lit nt of Z^-" '-^P--d in the form of 

a listing of commodities in order 

of descending dollar activiq , this 
is sometimes expressed as the ABC 
concept. This list, when totaled in 
cumulative fashion, will indicate at 
a glance which accounts control the 
bulk of dollars in inventory. It is 
of interest to note that the curve 
shown in Fig. 13-2 is typical of a 
manufacturing inventory. Approxi- 
mately 10 per cent of the items 
stocked account for 70 per cent of 
the dollar investment; at the other 
extreme, 70 per cent of the items 
represent only 10 per cent of in- 
vestment, .with the remaining 20 
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Fic. 13-2. Distribution of inventoiv items 
by inventory dollars. 



SLinnL*^^ the items representing 20 per cent of the investment. This 
relationship ,s shown in bar chart form in Fig 13-3 

PoS InT'iT' 'K""^^' '^"'^^ ~"»rol. The control 

per cent ofthl fr^"'' ""^'''^ "^^'^ '''' representing 70 

for Se sut rv '"r"°1 (classification A) wouM be designed 

baWs' Tn^ZZT\ *^°"eh continual review of requirements, s^ck 

inventoJ; ?n Th '''"^""^ ^ minimum of 

inventory. In the automotive and consumer appliance industries it is 

rSaorr^rtr ^^^'-'l *T -ch a mir ; 1' 

truck Th! r °f ^he railroad car or delivery 

££5" °' ■» o--.^ ™r^^^ 

maximum-minimum method, by a statistically developed formula which 
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provides a "protective** stock, or some other means which creates an 
economical ordering frequency. The reordering and control of these items 
should be reduced to an automatic basis, such as "stockless" purchasing 
under long-term contracts or blanket purchase orders, described in Sec- 
tion 5. 
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dossification A C 

Classification A. Controlling items for inventory investment. 
Maintain conservative stock level. 

Constantly review and adjust scheduled open commitments. . 
Classification C, Avoid shortages by maintainitlg adequaite stock levels 
. widi low riik. due to minimum investment. Reorider stock on auto- 
matic bsisis. 

Classification B. Maintain adequate stock levels with scheduled de- 
liveries and periodic reviews of key items. 

FIG. 13-3. ABC selective technique of inventory control. 

This classification of accounts by activity is a tool which can be applied 
to the items in inventory as a whole, as suggested above, or to the inven- 
tory items in one selected commodity. In either case, the important re- 
sult is that such an analysis permits a ledger controller to devote his 
time to "controlling" those items which significantly affect inventory 
dollars. 

In addition to the savings which can be effected by applying special 
ordering and scheduling of the high dollar value inventory accounts, an 
analysis of the type mentioned above will also enable the best applica- 
tion of efforts for rediuction of cosiS in other areas of inventory control, 
such as transportation, storage facilities, and material handling. 

2. Transportation Analysis. In connection with transportation, for ex- 
ample, the particular problems of those accounts affecting the bulk of 
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given study ' '''' profu-making ideas which should be 

fieZZt.iZ;'r:^^^^^^^^^ ««Po„,.-.,..,. I„ ehe 

zation which can Z ZuS 'tn ^ "^"''"'^ ^'^gani- 

sponsibility; in othe^ the troi^.^^^^^' is chaiged with this re- 
o^^en>.the';onUtd;vid:irtt"^^^^^^^ 

ing to commodity. In r^ent ve^?3 . ^'"^ production accord- 
separate inventory p^ainTn^ U ^ ^^panies have set up 
with responsibiHty^ii rabllhTnt Zv committees*, 
should include repr«entat^n f ^ '^i'^'^' ^""^ P""'*^""" ^o^nmittee 
cion.engineeH;gXrsrdTpfr^^^^^ P"-'^-^"^' P^^*- 

ubrer^r::;^;~^ be es. 

o?tL'rmVrn;^"^^ ^'^^^ ^-^^-'^^ — » -PO- an departments 

jrp^^^^^^^^ pa^UcuIarly the pe.on 

4.' I-'tJLfolcom^^ — « established. 

meL whh resZTo ^'^''^'"^ °' o^anizational assign- 

respect to inventory control, there must be open channels 
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of communication for the free and prompt exchange of information 
relative to inventory. 

A few of the large manufacturing concerns have solved this "conmuinica- 
tion- problem by establishing a ^manager of materials" with line respon- 
sibility over the purchasing, material planning, stores, receiving, and 
traffic departments. This centralization of responsibility facilitates the 
accomplishment of a planned and coordinated program of inventory 
control. ^ 

Of all the departments having an interest in inventory control the 
purchasing department is probably the most directly affected by,' and 
in turn, can most influence, the inventory control measures which are 
applied. The purchasing agent, or director of purchases, almost without 
exception, should participate strongly in the establishment of inventory 
policies regardless of the extent of his direct responsibility for inventory 
control. Three degrees of purchasing participation might, therefore, be 
considered: 

L Purchasing agent is directly responsible for control of stores. Delega- 
tion of stores control to the purchasing agent has a number of ad- 
vantages among which are: 

a. Communication problems reduced to a minimum. 

b. Highest degree of flexibility for changes in production rate or in- 
ventory level, 

c. Opportunity for integration with suppliers with respect to com- 
bined inventory investment, ■ 

d. Optimization of over-all acquisition and inventory cost. 

€, Direct responsibility for stores shortages and their control. This 
places purchasing in a key position in the manufacturing cycle, 
through expeditious handling and minimizing lost production time 
due to shortages. 

2. Purchasing helps establish policies. Under this type of operation, the 
purchasing department would be a member of an inven tor>'-control 
committee. This committee would establish policies on such matters as 
inventory standards, sales forecasting, load planning, etc., the formu- 
lation of which requires data and analysis which only purchasing can 
logically furnish. The importance of having a well-qualified purchas- 
ing representative is self-evident. 

3. Purchasing has no responsibilities. Even though purchasing may not 
be a part of the inventory poficf making group, the responsibility 
still prevails for formulating- a purchasing program based on sound 
inventory control. Bargaining position, procurement efficiency, long- 
term favorable relations with suppliers, maximizing profit opportuni- 
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ties cannot be attained without effective inventory planning and con- 
trol on the part of the cognizant department. 

Tabic 2-7, Section 2 shows the purchasing department responsible for 
inventory control in the majority of cases. However, it should be con- 
sidered that in some cases purchasing may only play a minor role in 
formulating inventory policy with little or no responsibility for setting 
the level of investment, being relegated only to the clerical task of 
"keeping the ledgers." Real responsibility for the inventory-control func- 
tion exists when purchasing establishes the concepts and devises the sys- 
tem and procedure for control. Among many criteria the size of the 
company, the kind of business, the types of commodities, the nature of 
the system, and the degree of control required by management are each 
determining factors in establishing the place of purchasing in inventor}^ 
management. 
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Inventory is created for two reasons: 

1. To reduce over-all operating costs (economy) 

2. To provide protection against unpredictable demands (protection) 

It is usually difficult to isolate these two characteristics when examining 
a given stock account, but it is necessary to do so if effective piethods of 
inventory control are to be installed. The following sections will illustrate 
the economy function alone, then the economy and protection functions 
combined, and finally, the protection function alone. 

Economy Function 

An inventory of purchased raw material and fabricated parts may be 
created even though the company in question could operate with no in- 
ventory at all. For example, assume that X Company makes a product 
whose sales can be predicted, item by item, for a period of a year or more 
(or whose production schedule is firm for a year, and the finished prod- 
ucts which are not sold are put into finished stock inventory). In this 
situation, each product could be "exploded" into all the required raw 
material and parts, and the requirements of each piece of purchased 
material could be pinpointed to the exact day it would be needed. All 
material could be brought in daily and routed directly to the manufac- 
tunng area where it was needed. The only inventory would be in-process 
inventory. Assuming that X Company has 5,000 different items which are 
purchased regularly, such a policy would mean scheduling hundreds of 
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incoming shipments daily, with all the associated paper work, checking, 
and following. Therefore, X Company would quickly conclude that it 
would be more economical to buy, receive, and store these items i?i ad- 
vance of need. They would accomplish this by creating raw material 
stock accounts. The creation of this raw material inventory would, of 
course, result in additional costs associated with storing the material, 
obsolescence, depreciation, etc. These so-called inventory carrying costs, 
when compared with the previously mentioned costs associated with or- 
dering and receiving, may be used to calculate the most economical policy 
of ordering and storing the inventoi7. To repeat, inventory would be. 
created in advance of its actual need, and held for weeks or perhaps 
months, because it would prove cheaper to carry that inventory for that 
period of time, rather than incur the costs of daily or weekly ordering 
and/or receiving. 
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Fio. 13-4. Predictable monthly usage — 100 pieces order quantity — 
300 pieces. 

Figure 15-4 shows the rise and fall of the stock level for a given stock 
item whose predictable usage is 100 pieces per month. Assume that for 
this particular item the most economical method of ordering^ is in quan- 
tities of 300 pieces, once every three months. The stock controller would 
place his orders so that each new order would arrive just as the stock 
reached zero. The stock level would fluctuate between 300 and zero, re- 
sulting in an average inventory of 150 pieces, or li^ months* supply. 

The inventory which is created by the use of a predetermined order 
quantity is directly related to that order quantity, provided the same 
quantity is used on all subsequent orders. Figure 13-4 shows this to be 
true: 

Average active stock = order quantity 

In this example, the inventory is composed entirely of active stock, that 
is, every piece of stock "turns over" during the period between receivings. 
2 See calculation under "Using the Economical Order Quantity," page 13-26, 
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Applying this principle to every item in the inventoiT. it provides a 
means for forecasting ,l,e total inventory. The total inventory would be 
one-half tunes the sum of each order quantity.' 

This illustration is oversimplified to illustrate how the active stock por- 
t.on of the unentory is created. Except for companies whose production 
schedules are 100 per cent predictable, most raw material inventories 
must contam an additional segment of inventory, called "safety stock " 
This subject is discussed next. 

Protection Function ( Safety Stock ) and Economy Function 
. A more typical situation than the case of X Company is found in Y 
Company. The latter organization manufactures a product which can be 
forecasted only to general product lines. The individual items within 
those product lines may be required by its customers upon short notice. 

Jomiory 

February q^q 

^^i'** 1,010 

^P"' 900 

910 

980 

"J"*^ 1^0 (moximum mofittily usaoe) 

910 

September 83q 

October 

November 

December v 

1 2)12,000 / 
" l/KK) (overage monthly usoge) 

FIG. 13-5, StodE. issue record. 

This short lead time does not allow time enough to purchase the material 
for each .ndtv.dual customer's order. Therefore, there is an obvious need 
for the^creation of raw material inventory, to be available for these pe- 
riodic demands. The stock level of each stock item may be set initially 

£,rr °' ^^'^'^ P^"«^ «^ pattern 

from the stock ledger should provide for a more factual approach That 

ex.T?"^"^.'"? P'-°'^^'''^ f"'"^^ requirements. An 

example of such a historical record is shown in Fig. 13-5. 

This example is shown to illustrate two points: 

^' Jll^^ 'T"" " ^ "^^'^ "^^'l frequently: so that many 

^demands are made upon it each month, there will be an issue pattern 

St^-^pr^^'l'^igJ.''" potion of the inventory. See "Calculation of Safety 
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♦ which may be used to forecast future activity. This rate of usage may 
be expressed as "average monthly usage," or usage per any convenient 
time period. 

2. Even the most stable of the items will occasionally experience a pe- 
riod of unusually high activity. This may be called "maximum monthly 
usage," and may exceed the "average monthly usage" by a significant 
amount. 

Figure 13-5 illustrates an item whose "maximum monthly usage" (1,770 
pieces) is almost twice its "average monthly usage" (1,000 pieces). 

Lacking any other means to forecast his future requirements, the con- 
troller of this stock item would do two things: 

I. He would establish a pattern for reordering his stock so that he woulo 
receive about 12,000 pieces during the following year. 

2- He would select an order point which was sufficient to cover the ex- 
pected usage during the reorder period. 

Using the data from Fig. 13-5, he might do the following: 

1. Use an order quantity of 2,000 pieces, every two months. 

2. Assuming a supplier's lead time of one month, use an order point of 
1,000 pieces. ^ 

If this policy were followed, the stock level rnight follow a patterii as 
shown in Fig. 13-6a. As long as the monthly demands on the item did not 
exceed 1,000 pieces, the stock would be adequate to cover these demands. 
But as soon as a high activity month occurred (August), the stock would 
reach zero before the next order arrived, A stockout period of a week 
or two could result. 

This policy, then, must be adjusted so that some extra stock is pro- 
vided in the system to cover these occasional periods of maximum usage. 
This is done by raising the order point, and hence the stock level, as 
shown in Fig. 13-66. The order point should be based on the maximum 
expected us5ge, rather than the average usage during the lead-time pe- 
riod. In this example, the lead time is one moiith. The maximum ex- 
pected usage might be arbitrarily set at 2,000 pieces, and this would be 
used as the order point. The result of this policy is to create additional 
stock, to be used only during periods of above-average usage. This is 
called the '^safety stock'* portion of the inym established, this 

safety stock need not be reordered. This is true because each period of 
high activity would be offset by periods of below-average activity, which 
would tend to keep the safety stock at its original level. In this example, 
then, the order quantity would remain unchanged, at 2,000 pieces, every 
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vented by c..ei„„■oducuonof^af«ystck (F;g is'oi!) 
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Fic: 13-6fl and 6. Stock flow and replenishment chart. 
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pected demands on the inventory. It is directly related to the order point. 
The amount of stock is determined not on ordering-carrying cost con- 
siderations, but on the need for protection against stockoutages for each 
stock item under consideration. Some items will need more safety stock 
than others, tlepen<iing upon the amount of deviation that has been ex- 
perienced between the forecasted material usage and the actual material 
usage for any given time period, plus the reliability ot the suppliers' 
deliveries, and of the order lead time (the longer the lead time, the more 
uncertain is the forecast of sales, and the resultant material require- 
ments), (Those items whose future activity can be forecasted with 100 
per cent accuracy will require, theoretically, no safety stock.) 

Protection Function Alone 

An example of a stock item which is composed almost entirely of safety 
stock would be a maintenance spare part whose imit cost was high and 
rate of usage low. Figure 13-7 shows such an item, whose activity is only 
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two or three units a year. The inventory level, on the average, is 
close to three units, or $300, Assuming any reasonable cost factors for 
ordering and carrying this inventory,* it would be cheaper to carry no 
inventory, and order each piece as needed. The three units of stock, then, 
are carried purely for reasons. of protection, rather than economies of 
ordering or carrying stock. Such an item, although used infrequently, 
may be extremely valuable if it can prevent the breakdown of some piece 
of vital equipment. Since it takes a month to procure the item, there is 
the possibility that two units could be needed in a given month, and very 
rarely three units. The stock level is therefore set at three units. 

The foregoing discussion of "active stock" and "safety stock" does not 
suggest that a given stock item should be physically separated into two 
parts. It does suggest that the two functions be recognized and analyzed 

*See discussion of cost factors under ''Factors influencing Inventory," page 13-5. 
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separately, so that an inventory policy may be established which will re- 
sult in the desired amount of protection against stockoiitages at the 
minimum over-all cost. 



ORDER QUANTITY 

Maximum-minimum System 

Before discussing the concept of "economical order quantity/' the maxi- 
mum-minimum system will be considered. This system combines order 
quantity and order point and operates as follows: Two arbitrary levels 
of stock are selected, usually expressed in weeks' or months' supply. The 
stock controllers are instructed to order their stock in such a manner 
that it stays within the two specified limits. For example, in Fig. 13-8, 




Ol 1 1 1 1 1 1 L. 

Jan. fell. Mar. Apr. May Juo- Jul. 

Order Quantity— 2 months* supply, \ 
Safety stock — I month's supply. * 

ric. 13-8. Maxitnum-minimuin sysitetn. 

the following conditions have been assumed: maximum stock level, three 
months' supply; minimum stock level, one month's supply; supplier lead 
time, one-half month. To maintain his stock above the one-month mini- 
mum, the stock controller must reorder before his stock drops below I14 
months. He expects the order to arrive when the stock is about one 
month's supply. He must not order in quantities in excess of two months' 
supply, because this order, plus his minimum stock, must not exceed three 
months. This system has some advantages as well as some serious dis- 
advantages. 

Advantages: 

It prevents excessive build-up of stock on any given item, because of 
the three-month maximum. 

It provides a level of protection against unusual demands on the stock, 
because of the minimum level. 
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3. The system is easy to explain to operating personnel. 

4, Actual performance can easily be checked against the standard. 

Disadvantages: 

I- It is not necessarily the most economical system, when costs of process- 
ing orders and carrying inventory are considered. 

2. The minimum stock may give either too much or too little protection 
for specific stock items. v 

3- The system tends to be too automatic. Repeatedly ordering to raise a 
minimum stock to the maximum level can lead to an overstocked 
position automatically; frequently design changes are given too little 
consideration in the strict compliance with maximum-minimum prin- 
ciples. An appropriate check against future requirements must be made 
to avoid reorders based only upon past experience. 

4. Quantity discounts may be lost because of order-quantity restrictions. 

5. It does not specifically define either the order point or the order 
quantity. 

To illustrate point 5, under ''disadvantages/' it can be seen in Fig. 
13-9 that there can be an almost limitless combination of order points 

1 /2 mo. 

1 mo. 

'■ 
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Jan. Feb. Mar. Apr. May Jon. Jul, Awg. 
FIG. 13-9. Maximum- minimum system. 

and order quantities which will maintain the stock within the prescribed 
limits. Figure 13—8 shows one method, where the stock fluctuates the 
full range between maximum and minimum. Each of the patterns in Fig. 
13—9 also satisfies the requirements, but each was a different order quan- 
tity or order point. There is no assurance that the maximum-minimum 
restrictions will be interpreted the same way by each stock controller, 
so that a nonuniform system among stock control lers^may result. These 
objections may be overcome by calculating the safety stock and order 
quantity on a more scientific basis. 
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If any systematic means, other than pure intuition on the part of the 
stock controller, is to be used to determine the order quantity, there must 
fir^t be some metho<l for estimating the expected future usage of each 
stock .tern. In many cases, the estimates, or forecasts, may be in error by 
as much as 25 to 50 per cent, but this is not necessarily a deterrent to 
ordermg m large quantities, provided the following is true: 

1. The item is not likely to become obsolete in the near future (the prod- 
uct line is not being redesigned). 

2. The item does not have a limited shelf life. 

3. Large quantities do not present an unreasonable storage problem. 

Assuming, then, that there is available an estimate of the annual activ- 
ity of each Item, the stock controller must make a decision as to the 
quantity of each item he should order. (This assumes that he is not op- 
etating under a system which limits his stock on every item to two or 
three months' supply.) The decision which he makes as to his order quan- 
tity will, ,n turn, reflect itself in his inventory level. Figure 13-9 illustrates 
the variety of methods that may be employed to reorder his annual re- 
quirements. 

In this example, the only restrictions on order quantity are a one 
months supply minimum, twelve months' supply maximum. Obviously 
P"^^«' be imposed at either extreme. Ordering more 

ftequently than once a month per item will usually result in excessive 
cps?s of paperwork, material checking, etc. Ordering mor^^ than a year's 
supply will frequently exceed the limits of predictable future activity 

The Item shown in Fig. 13-10 has an estimated annual activity of I 200 
pieces and costs $1 per piece. If the entire year's supply were purchased 
m one order, the active^ stock would fluctuate from a maximum of $1 200 
to a minimum of zero, with an average active stock of about 3600. Alter- 
nate methods of ordering this same item may be chosen. If the order fre- 
quency IS increased, the resulting active stock is reduced. If ordered 
T° iL'" ^''^™P'«' ^he average active stock would be reduced to 
about 550. In general, this rule applies: 

Average active stock = 14 order quantity 

In this example, assume an ordering cost of $3 per order, a carrying cost 
ot 10 per cent per year. 

The illustration, which shows five diflferent order- quantities, is given 
to emphasue the point that there are many ways in which the annual re- 
quirements of a given item may be ordered. In this case, the resulting 

"That poraon of inventory created by order quantity. 
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inventory could vary from $50 to $600, Given the costs associated with 
each alternative, however, it is possible to select the most economical 
method. Without such an analysis, the stock controller must rely on ui- 
tuition or experience to make these decisions. 



$600 



A S300 



$200 



$100 




FIG. 15-10. Maximum-minimum system. 

Figure 13—11 illustrates that the costs associated with carrying inventory 
vary inversely with the number of orders. (These costs are reduced from 
$60 down to $5, as the number of orders is increased from one to twelve.) 

Figure 13—11 also shows that the ordering costs increase directly with 
the number of orders (going from $3 up to $36, in this case). Since the 
total cost is made up of both the ordering and carrying cost, it is this 
cost which must be minimized, rather than either of the other two costs. 
Iri this case, the total cost appears to reach a minimum point somewhere 
between two and six orders per year. If the costs are plotted as curves 
(Fig. 13-11), it can be demonstrated that the point of minimum total cost 
is at the point of intersection of the ordering and carrying cost curves. 

This will always be true, regardless of the cost factors involved. Other 
items, having different annual activities, could be analyzed in a similar 



manner, but 
the following 

A ~ annu<' 

C r= carry i' 

K = orderi 



ORDER QUANTTTY 



13-25 



Number 

of 
orders 


Order 
size 


Averoge 
inventory 


Inventory 
carrying 
cost 


Ordering 


Total 
cost 






$600 


$60 


$ 3 


$63 


2 


600 


300 


30 




36 


4 


300 


150 


15 


12 


27 


6 


200 


100 


10 


18 


28 


12 


100 


50 


5 


36 


41 



Cost factors: 

Ordering cost $3 
Corrying cosi \0X 




^68 
Number of orders per yeor 

FIG. 15-11. Economical order quantity. 



^nner, but this is impractical for a large number of items. Therefore 
the following formula may be employed: neretore. 

A = annual requirements (?) 
C = 



N =r number of orders 



carrying cost-variable (% per year) Average inventory = y^A 
K = ordering cost-variable (per order) ^ 

Annual ordering cost = annual carrying cost 
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Solving for N, which in this case is the most economical number of orders, 

Tiiis formula is a general formula, Avhich may be used for any combina- 
tion of ordering and carrying costs. The specific cost factors which any 
given company may have developed can be inserted in this formula. In 
the example shown, these were 53 and 10 per cent. 



2(3) 

This formula may be used to construct a table which relates the annual 
usage of any stock item to its most economical number of orders per year: 



/ Annual usage 
A 

CO 
240 
540 
960 
2,160 
4.860 
8.640 



No. of orders 
N 
I 
2 
3 
4 
6 
9 
12 



Using the Economical Order Quantitt^ 

The EQQ table may be made with mahy increinieiitsror With jiist^ 
as shown. If computations are done longhand, 1>y Uiie stock c6n£roller, 
it is best that the table be simple and easy to use. T'he following case 
shows how the table may be used on a sample item: 

1. These facts should be available to the stock controller: 

a. Estimated annual usage, in pieces 4,000 

b. Approximate unit cost 50 cents 

2, He performs this calculation: 

Annual usage (pieces) X "nit cost = annual usage (J) 

4,000 X 50 cents = $2,000 

3, He refers to table for correct number of orders per year: 

A = 52,000 N = 6 (approx.) 

4. He calculates thjs order quantity:. 

Annual activity _ 4,000 



No. of orders per year 



= 666 pieces, or J333 



« Sec tables in Section 29 on how you can order scientifically via the Economic Order 
Value method. 
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the calculations described here are simple, and no attempt should be 
made to carry calculations out to the last decimal place, as this xvill soon 
discourage use of the table. By reasonable • rounding of his figures " a 
stock controller sliould be able to compute his order quantity within 10 
to 15 per cent, without resorting to tedious calculations. 

Order Quantity Relative to Lead Time 

The situation may arise where the most economical order quantity is 
small (say, one months supply), but the lead time is longer than the 
order quantity coverage (say. three months). In such cases, in order to 
cover the procurement cycle, it would be necessary to have several orders 
open at any given time. In such cases, it may be more convenient to con- 
sider the use of a "blanket order." with monthly shipments of specified 
quantities. ^ 



ORDER POINT 



The order point is a predetermined signal which will indicate to the 
stock controller that he should consider the possibility of reordering the 
stock Item in question. It is expressed in units of material as it is stocked 
and ordered (pounds, pieces, etc.). Whenever an issue from stock causes 
die coverage of an item (equivalent to stock balance + open orders) to 
drop below tlm predetermined point, the item should be investigated 
_ TJe order poi^t must be selected at a figure high enough so>at the 
stock will be sufficient to satisfy the maximum number of expected de- 
mantb upon the stock during the period when the replacement stock is 
on order. In brief: 

Order point = maximum expected usage during lead time 

There are two problems whidi are inherent in the selection of the 
proper order point."' 

1. The lead time cannot always be accurately determined. 

2. The usage during the lead time cannot always be accurately forecasted. 
In those exceptional cases where both the usage of material and the 

lead time are absolutely predictable, the order point is simply stated: 



Order point = known requirements during lead time 

15-12, the le^ time is two months, and the known requirements 
leces per month. The order point is therefore 200 pieces. 

» ne order point here might be simply zero stock. 
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Known requirements 
= 100 /mo. 



New order arrives 



FIG. 13-12. Chan of order-point svsiem. 

In the more typical situation, however, the material usage can only be 
estimated, and the lead time is subject to variations. In the previous 
example, either a late delivery or a period of above-average activity would 
have caused the stock to reach zero before the new stock arrived ' There- 
fore, when material usage rates and/or lead times are based on estimates 
rather than firm figures, it is expedient to make an upward adjustment 
of the order point. This is done through introduction of safety stock. 
The order point now becomes: 

Order point = expected lead time usage -f- safety 
In the example given previously, there was rlo safety factor to absorb 
unexpected usage or delayed delivery. In Fig. 13-13, the order point has 

700 




Estimoted l«ad fitne 
X, "nog* — 200 

" -J — 

Safety stock 
« 1O0 



bee I 
une: 

Calc 

T 
will 
vviti 
fore 
helj 
occy 
recc 
so t 
suci 
safe 
the 

L 
whi 
to ^ 
boa 
moi 
mai 
han 
sup) 
deli 

use 
[Saf 

F 
eaci 

It 



The 



FIG. 15-13. Chart of order-point system with safety stock provision. 



I 
J 
I 



ORDER POINT 



13-29 



been raised 100 pieces, providing a buffer stock which can absorb these 
unexpected demands. 

Calculation of Safety Stock 

The amount of safety stock necessary to provide adequate protection 
will vary from item to item. This is true because forecasts can be made 
with greater accuracy for some items than for others. Lacking accurate 
forecasts, the stock controller may examine past stock records in order to 
help him estimate the maximum rate of usage which could be expected to 
occur during the reorder period. He might also determine the longest 
recorded delivery time for die item. Judgment should be used, however, 
so that nontypical, nonrecurring situations will be excluded. Based on 
such an analysis, the stock controller may decide upon an amount of 
safety stock sufficient to cover those occurrences which are in excess of 
the average usage and/or lead time. 

Lengthy analyses, which may be valuable for an occasional stock item 
which is critical or of high dollar value, are usually impractical to apply 
to all items. The problem may be resolved by the use of an across-the- 
board safety stock. Such a generalized safety stock is often defined as "one 
month's supply." It means that the stock controller will order in such a 
manner that he will always have at least one month's supply of stock on 
hand, if conditions remain normal. If not, he will have the extra month's 
supply of stock to carry him over the period of high usage or delayed 
^delivery.' ■;. '-v t ^- ■■■ 

: W;here safety stock is expressed in months* supply, it .is convenj^ent to 
use this formula: 

[Safety stock (months) + lead time (months)] X [average monthly usage 
(units)] = order point (units) 

Following are three items, with different activities and lead times. In 
each case, assume a safety stock of one month's supply. 



Item No. 


Monthly usage, pieces 


Lead time, months 


Safety stock, months 


1 


100 


1.0 


1.0 


2 


500 


2.0 


1.0 


3 


20 


2.5 


1.0 



The order points are computed as follows: 

(Safety stock -f- lead time) (average month's usage) = order point 
Item 1 (1.0 + 1.0) 100 = 200 pieces 

Item 2 (1.0 + 2.0) 500 = 1.500 piec« 

Item 3 (1.0 + 2.5) 20 = 70 pieces 
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Relationship of Safety Slock, Stockout Rate, and Stockout Cost 

The distinction has been made between active stock and safety stock 
to point out that the active stock is Seated for purposes of economies of 
ordering, whereas the safety stock is added only to cover above-average 
usage or delayed deliveries. Some industries refer to this protection as 
"contingency stock/' The costs associated with carrying this part of the 
inventory are therefore high. Any effort to reduce the safety stock, 
however, will automatically increase the number of stockoutages. It is 
theoretically possible to compare the cost of a stockout with the cost of 
carrying safety stock, and thereby arrive at the most economical level of 
safety stock, considering both costs. However, the cost of a stockout for a 
given item could vary greatly from one occurrence to the next, depending 
upon its effect upon the production line each time. The actual costs 
incurred in such a situation are largely a matter of opinion. This makes 
it impossible, in most cases, to determine a realistic stockout cost. 

Although the actual costs associated w^ith a stockout may be difficult to 
determine, it is not difficult to tabulate the rate of stockouts and the 
average duration of the stockouts. These data can be analyzed to determine 
if the inventory is "in control/' Past history, combined with management 
judgment, should be enough to determine an acceptable maxinnum stock- 
out rate, beyond which the manufactiirer of the produ^^^^^ 
rate might be different for various commoditi^.^ A 
should be set up so that actual stockouts' p€;r month ^inS^^^ 
with the standard. When stockouts b^ome exceissiVe,^^^ stock 
must be increased until the stockouts are reduced to an acceptable level. 
It should be noted that an item which never goes on shortage should be 
reviewed critically. It may be that the stock is exc«sively high, and that 
an occasional stockout would cost less than carrying excess inventory year 
after year. 

Refinements in Safely Stock— Order-point Calculations 

Although it is true that the stockout rate will decrease as the safety 
stock is increased, it is not a simple matter to determine the exact amount 
of safety stock necessary to keep the stockouts within a given limit. Such 
rule-of-thumb methods as a month's supply across-the-board safety stock 
may be successful in keeping the over-all rate down, but individual items 
may go on shortage much m6fe frequently than desired for good control. 
This emphasizes the need for an adjustable safety stock, tailored to the 
needs of each individual stock item. 

Some of the factors which influence the level of safety stock are intui- 
tively considered by most stock controllers. An examination of many stock 
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ledgers will show different levels of safety stock from item to item in line 
with these factors. 

The following list suggests some of the factors which should be con- 
sidered in determining the correct level of safety stock. 

Factors which sufi:ffest low safetv 




suggest 
stock 

1. High permissible stockout rate 
(one stockout every year, per 
item) 

2. Short delivery time (one-half 
month) 

3. Large-order quantities (twelve 
months' supply per order) 

4. Stable item 

a. Issued many times per month 

b. Predictable usage 

c. Used in a variety of products 



Factors which suggest high safety 
stock 

1. Low permissible stockout rate 
(one stockout every ten years, 
per item) 

2. Long delivery time (six months) 

3. Small-order quantities (one 
month's supply per order) 

4. Erratic item 

a. Issued only once a month or 
Jess 

b. Unpredictable usage 

c. Used in only one or two 
products 

Applying these factors to an inventory which contained a wide variety 
^ Items could result in a range of safety stocks from a one half month 
l^upply for short-lead-time, fast-moving items to as mucH as a six month 
supply for relatively slow movers with long lead times. The relation 
•etween the factors and the resulting safety stock can best be determined 
^^tensive statistical analysis. Many of the larger companies have suc- 
^uUy made such studies and, by application of the laws of probability 
ised control tables which give the correct safety stock or order point 
a wide variety of conditions. 

QUANTITY DISCOUNTS 

^n item of raw material or a purchased part is being purchased for 
^ai application, rather than for inventory, there arises the problem 
" increase the requested quantity to take advantage 

(uanuty discount. An item for which future activity seems unlikely 
oe purchased in the quantity requested, since there is a known 
«ient tor that amount only. The person, frequently the design 
Who specified the item in question could probably give the 
el ^ hkelihood for future use; the buyer might con- 
in ^'""^ t quantity, provided that the resulting price 
n was justified, in the light of existing inventory policies. 

tactors which must be considered are the potential reduction 
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in material cost versus the increase in inventory. Because the inherent 
risk of obsolescence is great, in such cases, it is advisable that the potential 
price reduction be significant compared to the increased inventory in- 
vestment. The ratio of the former to the latter may be expressed as a 
percentage. Frequently an arbitrary minimum percentage is decided 
upon, below which the discount will not be taken/ For example, it may 
be decided that no item of a certain commodity will be ordered in excess 
of actual requirements unless a 30 per cent return on investment can be 
realized. 



EXAMPLiE: 

5 — requested order quantity (units) 

=r minimum order quantity for discount (units) 
P — unit price at requested order quantity 

^nit price at discount quantity 
Q = requested order quantity in $ = S x P = 200 X $1 
Qa = discount order quantity in $ = S^xP^= 1,000 x $0.80 
Material price reduction z= 5^ (P - P^) 3= 1,000 ($1 - $0.80) 
Increase in inventory value = Q^ — Q — $800 — $200 

= per cent return on additional investment 



= 200 pieces 
= 1,000 pieces 
= S1.00 
= $0.80 
= $200 
= $800 
- $200 
= $600 



= 100 X 5,^-^=^ 100 x|g=33i^ perc^^^^ 

Since the actual per cent return exceeds the 30 per cent minimum, the 
discount would be taken on 1,000 pieces. 

A more scientific method is to tabulate a "before and after" price-break 
chart. If the savings exceed the cost of carrying the additional inventory. 



Total dollar 
amount 

offer 
quantify 
cf iscou nt 



20 
50 
100 
200 
300 
400 
500 
700 
900 
1,200 
1,500 



Total dollar amount before quantity discount 



10 



0.60 
2.40 
5.40 
11.40 



50 



3.00 
9.00 
15.00 



100 150 200 500 



6.00 
12.00 
18.00 



3.00 
9.00 
15.00 
21.00 



6.00 
12.00 
18.00 
30.00 



12.00 
24.00 
42.00 
60.00 



1,000 



12.00 
30.00 



FIC. 13-14. Added inventory costs. 
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the discount is taken. If the savings are less than the cost of carrying the 
ackiitiona! inventory, the lower quantity, at the higher unit price, ^vould 
be more economical. 

Assuming a (variable) carrying cost of 12 per cent, and basing the 
average inventory on oiic-haif the (additional) order quantity, a sample 
price-break chart would look like Fig. 13-14. The horizontal column 
headings are the total dollar amounts for an item in the required- quan- 
tity. The vertical headings are the total dollar amounts to be spent if 
the quantity unit-price discount is to be taken. As an example, take the 
column indicating a "before" cost of $100. If an expenditure of §200 is 
required to take the discount, then a carrying cost of §6 is incurred. (By 
going from SI 00 to S200 an additional order amount of §100 is committed. 
Average inventory would be i/^ X § 1 00 = $50. Carrying costs of 12 per 
cent produce an inventory cost of $6.) 

EXAMPLE 1: 

The economic order quantity for an item is 110 pieces, at a cost of 90 cents 
each, for a total of §99. The unit cost reduces to 80 cents each in a quantity 
of 250 and up, for a total of §200. Annual usage is 150 pieces. The chart 
shows that an inventory cost of §6 is incurred by going to the larger 
quantity. The usage of 150 pieces produces^ savings of 150 X $0.10 — §15 
per year. There is a net gain of §9 on an annual basis, and the discount 
should be taken. 



r|EXAMPLE 2: " - ■ ' 'i ' ■ 

The economic order quantity for an item is 40 pieces ^at §5 each, for a, 
total of §200. A reduction of the unit price to §4,70 each is available in a 
minimum quantity of 150 pieces, requiring an investment of §705. Annual 
us Age of this item is 80 pieces. Reference to the chart shows added-inventory 
carrying costs of §30. Annual savings (80 X §0.30 ~ §24) are less than the 
cost of carrying the additional inventory. The discount should not be taken. 
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INVENTORY CONTROL AND EXPEDITING 

feet of Expediting on Inventory 

. study of inventory-control techniques would not be complete v^rithout 
iscussion of the effect of expediting on inventories. The expediting of 
ivery of procured materials has a major effect upon inventory levels 
5^ It influences directly the lead time or procurement-cycle time. 
^ mdicated in previous d isciissions^ a predetefm inventory level is 
ially maintained through proper consideration of the procurement- 
^ie time when placing orders for a new supply of material. This con- 
ation includes a knowledge of the supplier's manufacturing cycle, 
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The system does not change basic purchasing principles, practices, 
policies, techniques, or prerogatives. It is flexible, makes use of standard 
historical data and other control features, and is practical and economical: 

Flirt fiiisinii Proccfts 

A liow diagram is ^tl*K\■^ in Figs. 1 l-7a to M-7h. which iUnsirate in 
M>n.ic deiail ihc iuiu;iii>na; upci aiion ol aii llDr. nicchani/oi pui^ h;iM- 
order writing system. This system incorporates the use of IDP and EDP 
concepts, as \vell as manual operations in some functions of the system. 

Origination 
Direct chorge of raw moteriol 
Originating 

deportnienl " . - . 

Determine 
need 

for material Q| 
or service 



I Purch.req. 



Purch. req. 



Non - repetitive items-* 

Enter: 
Req. no. and dote 
Dept. 8 sub dept. 
Ordered by 8 ext. 
Estimoted cost 
Function ot mot'l 
Delivery point 
Oote required 
Eoch item no. 
Quontity required 
item description 



Pre pore 
'requisition" 



-^Repetitive items 



Purch. req. 



Purchase 
requisition 



Pioce T.R. s 
in envelope 



I T.R. control cor d 



Traveling 
requisition 



Enter: 

Dote i 
QoontilyJ 

Group like items 



APP'y codes 



Purctiose requisition 
cost center 
W. C. a E . 




Traveling 
requisition 
none 



Reqiiisttron envefope 



Enter . 
Date 

Oote required 

Requisition no.* 
No. of T.R.'s 



J Traveling req 



[ Trove ting .req 



Trove I IRQ 
requtsition . 
cnvelQpe 



- Deportment 
^authorization 



From purchosing 



Kir. i4-7a. Mntiunl rrqiti.'iidfiuitii: in a nuuhanizcti purchase order writing sysioin- 
cinijlovin^ iiiamiai. Floxowriur. kov |>uiu h. lapr-Kt c:n<t. and cotnpuicr processes. 
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TOTAL SYSTEMS CONCEPT 

Ori^^ootion * 
Stock inventory moterial 
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FIG l4-7c Buyer processing and purchase document preparation in a mechanized pur- 
chase order H-rilins svslcm-cniplovinf; ,u;nu.:.l. FU-Nowritcr. kcv-punch. tape-to-card. 
aiui coinjMiter processes. 
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tion regulations and applies to all Federal agencies. Copies of these 
regulations have been furnished, upon request, to various states through 
their national associations- 
Some state statutes specify that the purchasing agency shall arrange for 
the transfer to or between agencies of personal property which is surplus 
with one but which may be needed by others. Some states are carrying on 
an effective program for the utilization of state-generated surplus prop- 
erty, with the result that many purchases of new and additional property 
are avoided, with resultant savings in tax funds. 




Types of Contracts 

In public purchasing the fixed-price, definite-quantity contract is usu- 
ally preferred over other types. There are, however, circumstances where 
other-type contracts are more advantageous to both parties. Cost-type 
contracts, fixed-price incentive contracts, cost-plus-incentive-fee, and iikc 
varieties of contracts with special features are not discussed since they 
are used primarily in connection with military-type production pro- 
grams. The use of "cost plus a percentage of cost'' contracts is specifically 
forbidden in General Services Administration regulations of the Federal 
government. The following categories and specific types of contracts rep- 
resent those in general use in public purchasing departments. 

Indefinite-quantity or open-eiid contracts are widely used in govern- 
ment purchasing because of tw^o major advantages. First, they permit 
contracting for total requirements of all departments or agencies on a 
long-term basis and provide minimum prices in those situations where 
exact-quantity requirements cannot be determined. Second, they have 
a tendency to minimize the number of items being ordered since the 
process of consolidating requirements resuUs in a deifinite standardizadon 
of the best types or qualities of products. The relative simplicity of 
purchase actions under this type of contract, and the elimination of 
duplicative supply contracts by the variovis departments or agencies, re- 
sults in substantial economies and many administrative advantages. 

The General Services Administration uses indefinite-quantity or term 
contracts in the procurement of common-use items under its Federal 
Supply Schedules. Under such schedules ail Federal agencies have the 
benefit of prices based on total quantity requirements even though the 
orders issued by each for direct delivery are relatively small. Federal 
Supply Schedules cover approximately 50,000 items or categories of items, 
including office supplies, office furnishings and equipment, and tires and 
tubes. 

Some states using- the indefinite-ciuantit\ contract refer to it as a 
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-siippiy" or a "reqturemeius'' contract. Whatever the name used, it repre- 
sents an agreement whereby tlie supplier contracts to furnish the total 
requirements of the government f^r a specified item over a stated period 
of time, for delivery as ordered. The price may be a "fixed price,*' or it 
may be subject to fluctuation of an established pricing medium such 
as posted prices for gasoline. 

Counties, cities, and public institutions also use the supply contract 
. or agreement to cover such items as chemicals, lamps, fuels, paper prod- 
ucts, sand and gravel, laundry supplies, and photographic and duplicat- 
ing supplies. 

Long-term contracts are used in practically all public purchasmg activ- 
ities as a means of securing quantity discounts, and because of the savings 
effected by only advertising for bids once during the period covered 
by the contract. Such contracts may require performance bonds and do 
not ordinarily extend beyond one year. 

Definite-quantity contracts, which may also be term contracts, are used 
where requirements are known or can be estimated with reasonable 
accuracv. They may provide for ''one-time" delivery or "scheduled" de- 
livery, and the price may be a fixed price with or without provisions for 
an escalation clause. Definite-quantity contracts make it possible to take 
advantage of quantity prices prevailing at the time of the contract while 
spreading delivery over future periods. Other advantages are (1) the 
vendor can use such contracts as a backlog to keep his plant busy and as 
a result will usually give the buyer a better price; (2) the number-' of 
purchase orders and related forms are reduced; (3) the cost of advertising 
on formal contracts is limited to the initial contract for the period 
covered; (4) many small orders are eliminated; and (5) price advantage 
is obtained while inventory carrying costs are maintained at a low leyel. 

Price-agreement contracts are those where certain discounts from list 
prices are incorporated in the agreement. Such discounts may be part of 
any contract that covers the procurement of either cataloged items or 
standard production items, where the price is reflected by published 
price lists. 

Service conlracts are normally used to cover requirements for services 
such as window washing, utilities, laundry, insect extermination, guard 
service, truck rental, and repair services, They may be formally advertised 
or negotiated contracts depending upon considerations such as the ntnn- 
ber of sources of supplv and the dollar value of the contract. 

Samples of general provisions prcsnibcxl for use in the Federal gov- 
ernment and also bv the state of Connecticut will l)e lou.ul at the end 
of this section. 
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Escalation Clauses 

In long-term contracts, where ilic possibility of increased labor 
material costs may aftcct the supphcr's willingness to set an acceptab 
price, escalator or price revision clauses inay be usecL Such "flexibl 
contracts apply to both definite- and indefinite-quantity agreements 

Escalation or price-revision clauses in bids are not usually desirabl 
They were in general use, however, during \\'orId,\\-ar 11 and the Kore" 
conflict. Under certain circumstances they serve a useful purpose in p- 
tecting both the government and the sujjplier from ciihcv a rising 
falling 7narhet. In some cases suppliers must quote an obviously excessr^ 
price to provide for the contingencies of rising costs of labor and ma* 
rials. Under these conditions it may prove advantageous for the bid 
contract to provide for escalation clauses, if such clauses contain a ma 
mum price, percentage ceiling, or arc related to a public price inform 
tion service such as the Wall Street Journal or Chicago Journal o 
Commerce. In some instances where no bids are received because 
unstable market conditions it may be necessary to readvertise and inclu 
an escalation clause. 

Where escalation clauses are used, they should be included ir 
invitation to bid and contain a maximum price or "percentage ceiling 
Such maximum should be based on the best esti.iiate which can 
made of expected increases in labor or raw materials, plus any oth 
pertinent factors. Current Armed Services' and certain civilian agen 
regulations use a 10 per cent figure. However, the circumstances of ea 
individual case should determine the maximum percentage of increa 

Regulations should include specific instructions concerning th? use o 
escalation clauses, and should pro\'ide for approval by the head of th 
purchasing department, prior to use, 

Inspection of Deliveries 

The inspection of materials and equipment prior to their acceptance, 
is one of the most important responsibilities in the entire procurement 
operation. This is especially true in public purchasing as the act of ac- 
ceptance by inspection may be irre\ocable. Once tlie goods are accepted, 
litigation is sometimes required to effect adjustment on items found to be 
of inferior quality. 

Inspection is definetl, for use herein, as the method or process of <lcter- 
mining that materials, cciliipinefu, and ser\iccs su implied by a contractor 
or ^■endor meet the qualiiv i e^juirenicnis stipidated in the contract or 
other purchase documents. 
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CONTINGENT CLAIMS CONTRACTING FOR PURCHASING 
DECISIONS IN INVENTORY MANAGEMENT 

PETER R RITCHKEN and CHARLES S. TAPIERO 

Case Wmem Reserve University, Cleveland, Ohio 
(Risceivcd December 1983; revisions received July 1984; July. December 1985; accepted March 1986) 

Option pficing is a coromon and ixnpoitairt practice in the financial corainuaity, and has become a fiindamcntal 
theoretical constrvct in financial ebonomics. The theory is quite rich and has potential uses in many other problem 
domains- This paper develops a variant of the tbeozy as applied to inventory planning. In pamcular, we consider a risk 
management approach that uses nefiotiated option contracts for hedging agsdnst price and quanthy uncertainty in 
lAventory procurement, Wc derive conditions for the inclusion of options in inventory oontxt)! as a function both of 
managerial attitudes toward risk and of the cormbtion between price and demand. 



Contingetit claims contracts provide purchasing 
agents with the right to buy a specified amount 
of goods at a fixed price irom suppliers at a future 
time. Such contracts serve as effective risk manage- 
ment devices that allow agents to adapt to changing 
conditions, prices or deman<is. By negotiating such 
contracts, the agent can delay commitments until 
some, or all» uncertainty has been resolved. 

To sec how contingent contracts can reduce risk, 
con^der a manager who can place only a single order 
before a random demand occutxs. If demand exceeds 
supply, new ordei^ cannot be expedited since the 
supplier carries no finished inventory. Option con- 
tracts provide a mechanism for enticing the supplier 
to build finished inventories, even though the pur- 
chasing agent makes no firm commitments. The price 
of the contract should be set suffidenUy high to com- 
pensate the suppUer in the event no second order is 
placed In exchange for this price, the purchasing agent 
transfers the risk associated with demand uncertainty 
to the supplier. This transfer may be advantageous to 
both parties, especially if the supplier is large and is 
more able to absorb the risk. 

This article considers the design of an optimal 
mesh of contingent claims (options) with purchasing 
commitments that will best meet the risk-reward pref- 
erences of the decision maker. For example, a pur- 
chasing agent may choose to build mventory for 
future demand, enter an options contract for a fixed 
price, or wait until demand occurs and purchase at the 
future spot price. Under specific risk preferences, this 
article examines conditions under which option con- 
tracts serve as superior or complementary strategics 
to inventory builditig. 



Unlike this paper's scope, the financial economics 
literature has emphasized the valuation of option con- 
tracts. Black and Scholes ( 1 973), for example, derived 
an option pricing model that was independent of 
preferences. The simplicity of their model stems fi^m 
their continuous trading premise, which is equivalent 
to a complete markets assumption (Bensoussan 1 984, 
Harrison and Pliska 1981). This being the case, the 
option is redundant and can be unambiguously val- 
ued, using arbitrage arguments alone. With discrete 
trading opportunities and transaction costs, however, 
option prices will depend on preferences (Rubinstein 
1976), In this article, we assume option prices are 
provided, and our concern is to use these contracts as 
hedging devices to manage the price and detnand risk 
of inventories. For a review of option theory and 
pricing, see Mcrton (1973) and Smith (1976). 

1. Notation and Assumptions 

Let be the number of units acqtiired at / « 0, at 
a per-unit price of 5o, and stored for use in period 
/ 1. Let C/o be the number of options purchased 
at / = 0. Each contract gives the owner the right to 
buy one unit of the item at a fixed price * in period 
' = L The per-unit cost of each contract is Co, Order 
quantities in period / = I are determined once prices 
5i and demand dx have been resolved. A.t i — 0, the 
future prices and demands can be represented by a 
known probability distribution. Let S\ and dt 
represent the random variables diaracteiized at / « 0. 

Let F(P^, C^o) be a random variable representixxg 
the present value of costs for acquiring Vq units 
of inventory and options, carrying them for one 
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period and subsequently taking the appropriate pur* 
chasing decisions to ensure future demand i$ met. 
Let hj{Vo) and A^(i7o) be the present value of the 
inventory and option carrying charges. The former 
cost includes storage insurance and cost of money 
chaxges, whereas the latter consists primarily of the 
cost of funds. 

The present value is a random variable since future 
order quantities in period / = 1 are not currently 
known. These quantities are determined in period 1, 
once prices and demand have been resolved. 

In addition to buying items in period the 
purchasing agent either exercises the (Jq options or 
not The decision will depend on whether market price 
5i exceeds the exercise price ir. The inherent value Ci 
of each contract in period I is 



Ci max(0, Sx - 



(1) 



We shall assume that the maiicet is at least efficient 
enough that this no-arbitrage-opportunity condition 
is met (Merton). With this assumption, the decision 
maker ^mW be indifFerent to exercising the options 
or selling the contracts back to the supplier and pur- 
chasing at the spot price. With no loss of generality, 
we shall assume that the agent will adopt die latter 
strategy. 

With the prior assumptions, the net present value 
of costs for satis^ng future demand is 

F{V<>. Uo) - SoVo + A,(Fo) -h Co£/o 

^hc(UQ)-^C,Uo^6SxVr, (2) 

where S is the discount rate and is the optimal 
number of units that must be purchased in period 1. 
Since all demand is to be met, 



- </, - Ko. 



(3) 



At ( = 0, is random, since di is random. 

The decision maker is assumed to base current 
decisions so as to minimize expected disutility of the 
net present value of costs incurred in satisfying de- 
mand. The optimization problem at / = 0, 



minimize Es,^,^(F(K. C/o; Si, dO\ 



(4) 



is defined by a disutility (loss) function -S^(-) associ- 
ated with decisions Vq and Uq. 

2. Inventory Options and Risk Aversion 

To illustrate the conditions under which contingent 
claim contracts provide a mechanism for purchasing 
agents to reduce risk, consider the case of a risk-averse 
decision maker with quadratic utility. In this case. 



decisions can be based on means and variances alone 
(Markowitz 1952). Levy and Markowitz (1979) have 
shown that functions of means and variances provide 
close approximations to expected utility for important 
classes of utility functions, including logarithmic, 
power and exponential functions. Studies by Pulley 
(1983) have provided further empirical support for 
mean variance approximations. 

For this case, EQuation 4 reduces to 

= E(F( Ko, Uo\ d,) + X Var(F(Ko, Uo\ 5, , dx), (5) 

In this expression, X is the risk aversion parameter, 
often referred to as the price of risk. 
Assuming that carrying charges arc linear, i,e,, 

hs{Vo)^h,VoBnd 
we have 

E[FiVo,U^;S,,d^)\ 
= (5b + A, - aE(5,)) Ko + (Co + - dE(^*,))^o 
+ 5.(E(5,)E(^i) + Cov(5( , d »)), (6) 
and the variance is given by 
y^lFiVo,Uo;St.dM 
= S^iir{SOn H- a^ar(e,)C/g 
+ 25^ov(5„C)C/oKo 
-26^CoyiSy,Sidi)yo 

-2^^Cov(^„5|^i)C/o, (7) 

Substituting (6) and (7) into (5), and rcafianglng, we 
obtain a quadratic expression in the decision variables 
J^c and Uo, Solving the equation yields 



^ aiCoy(Si , C) - a,Cov(C,) 
[Cov'(5„ C) - Var(5,)Var(C,)] ' 

and 
where 

a, =bi -fCov(5,,5i^,x 

tf2 = + C0V(^'i, Sidtl 

= [6E(5,) - (So + hs)]/l\d\ and 
bt = [^E(C) - (Co + Ac)]/2Xa^ 



(8) 



(9) 



(10) 
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la order to analyze the soIuUoa, it is useful to 
define partial moments about the exercise price tt. 
Specifically, let 



dF(s,), 



(11) 



where F{Si) is the cumulative price distribution func- 
tion. Then 



(12) 



(15) 



(16) 



If, in addition, we assume price and demand to be 
indepen(tent. then 



and (1 7) reduces to 



2X5'Var(Ct) 



+ E(rf,) 



Cov(^, Ci) 
Var(e,) • 



(19) 



E(C,) = r, - Yo, 

Var(e.) = n - x-r, - E«?,Xir + E«?.)). 
and 

Cov(5„ e.) = Var(^,) + E(C,X» + E(^,) - E{S,)). 

To interpret the optimal solution, we shall investigate 
some special cases. 

Case 1: No Options Available 

In this case the optimal order quantity is obtained 
by putting 0 in Equation 5, differentiatiog with 
respect to Vo, and solving. The optimal solution is 

mS,) - (^o + h,) + Cov(Si . S,d,)2S^\} 
^ 25'XVar(5.) " ' ^^^^ 

If« in addition^ demand and price are assumed to be 
independent, then 

Cov{5,.^,) = 0 (14) 
and 

Cov(5„ Sid^) = E(^,)Var(5,), 
In this case. Equation 13 reduces to 

Ko-E(^fO+ 2X5^ar(^,) ' 

Thus, given that the expected discounted price 5 E(5i) 
exceeds the current price-plus^arrying-o^haiges, the 
qiiantity ordered will decrease with price uncertainty 
and risk aversiott. 

Case 2: No Inventory Building 

In this case, = 0 and the optimal number of option 
contracts to purchase is 

_ 5E(e,) - (Co -f /t,) -h 2xg^ov(e, . Sil) ™ I r 



Given that the expected discounted price 3E(Ci) ex- 
ceeds the current price-plus-option carrying charges. 
Equation 19 suggests that the amount of options 
purchased decreases with price uncertainty and risk 
aversion and increases with the expected demand. 

Case 3: Options Available — Risk Neutrality 

For X = 0, the objective function is linear in the 
decision variables Vo and Uc. Spedficaily, 

E^(F{Ko, Uo) 

= (5b + A, - 5E(5i))Fo 

H- (Co ^hc~ «E(<?i))/7o 

+ 5(E(50E(i?,) + Cov(5i, ^i)). (20) 

In this case, the least-cost solution is to satisfy demand 
either by initially purchasing options or by inventory 
building but not by both. Specifically, from Equa- j 
tion 20 we can see that options will be purchased ; 
in lieu of inventory if the expected net; proiit from ' 
options exceeds the expected net profit of inventory. 
That is, 



SHC) - (Co -fu)> SEiSt) " + h,). 



(21) 



Case 4: Options Avajlable-*^iJadratic Utilltyi 
Price-Oemand Independence 

Under the assumption of price-demand uncertainty 
independence, Equations 8 and 9 reduce to 

^ - ^ Cov^5.. CO - Var(5,)Var(6) 
and 



b,Cov{Si , Ci) - feVarC^i) 



(23) 



CoASt, C) - Var<S-,)Var(e,) * 
These two equations can be revmttea as 

Fg = E(^.)+ .. ^ i,L "'v; - ^ j^A (24) 
(I -pi)Lvar(5i) Cov(5,,C,)J 



and 



VarCC) Cov(5| 



(18) 



where 

Var(5,)Var«?,) " 



(25) 



(26) 
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From Equation 25, a positive posiiion will be taken 
on the option if 



(27) 



where p = Cov(Si, Ct)/VaT(Si) is the slope of the 
regression line of option prices against commodity 
prices in period 1 and is referred to as the finite period 
beta value. 

Substituting for bi and bi into (27) and reanangiDg, 
we obtain the following condition, which ensures that 
options will be purchased; 

5E(C,) - (Co + Ac) > P(SE(Si) ^ (^ + h,)l (28) 

Equation 28 indicates that options will be purchased 
in lieu of inventory, provided the expected net profit 
per option exceeds the beta, value times the expected 
net profit of inventory. 

Since the risk aversion parameter \ cancels, the 
previous result holds regardless of the degree of aver- 
sion to risk. Moreover, since p is less than one, the 
effect of risk aversion, in this case, is to increase the 
likelihood of incorporating options (compare Equa- 
tions 21 with 28). 

Case 5: Pur^asing and <^tions Decisions 

under Bivailate Lognormality of Prices 
and Demand 

Possibly the most interesting situation occurs when 
price and demand are correlated and the decision 
maker is risk averse. In this situation, the general 
equations (5) and (6) will take on a special form, 
depending on the statistical distribution imposed on 
price and demand. In this section, we develop the 
relevant formulae for these equations under the as- 
sumption that price and demand in period 1 have a 
joint lognormal distribution. This distribution has the 
desirable feature of avoiding negative outcomes. 
Moreover, the lognormal distribution has become the 
prototypical distribution for modeling price behavior 
in efficient markets (Smith). Let 



Si ^ 5o^'*''*' and 



(29) 
(30) 



where /*, and are the logarithmic mean returns, and 
<r? and ai are the logarithmic variances for prices and 
demand, respectively, and are standard normal 
random variables, with 

Cov(z„Zrf) = p. (31) 
Because of the properties of the lognormal distri- 



(32) 



(33) 



bution, the expectations and variances arc given by 

E(^i) = doe^^''^\ 
Var(A) - BiSy(^^' - I). 
Var(rf,) ^ E(<iO^(^'- - 0, and 
Cov(5,, d^) - £(5,)E(5»Xe^'" - 1). (34) 

In the Appendix, we develop the necessary formulae 
for computing the other relevant variance and covar- 
ianoe terms. These results are then used in a numerical 
example to examine conditions under which options 
can be useful for managing inventory. 

Example 

The data in Table I illustrate the optimal solutions for 
inventory building and option contracting under a 
range of values of correlation between the price and 
the demand. Notice that, in the example, the value 
incorporating options in purchasing decisions in- 
creases as the correlation between price and demand 
increases. 

The last column in Table I indicates the percentage 
improvement in expected utility that can be obtained 
by allowing decision makers to incoipoiate ojJtions. 
Notice that allowing the purchasing agent to utilize 
option contracts has positive benefits when correla- 
tions between price and demand arc high. The results 
in the table suggest that: 

(i) If price and demand are perfcctiy negatively cor- 
related, the optimal strategy is to defer decisions 
until resolution of uncertainty occurs. 

(ii) If price and demand are pecfectly positively cor- 
related, then pxirchasing options is an optimal 
strategy. If demand (and, hence, price) is low, 
losses from not exercising the options will be less 
than the potential losses from building inventory. 

(iii) For zero and small negative correlation situa- 
tions, the optimal strategy in this example is to 
build inventory in lieu of option purchasing. 
However, as the correlation increases, the role of 
options becomes increasingly more important. 

4. Conclusion 

The options-related literature has emphasized the val- 
uation of options and has paid little attention to their 
use in building decision making flexibility (and con- 
tingency planning) in operations management appli- 
cations. The purpose of this paper has been to bridge 
the gap between valuation and decision making by 
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Table I 

Sensitivity of Decisions with Respect to Correlation 
Between t*rice and Demand 



Correlation 
P 


Inventory Options 


Inventory with 
No Options 


PctGcnt enhance 
in Expected 
Utility 




0.0 


0.0 




A A 




0.0 


0.0 




A A 


-0.6 


0.0 


0.0 


0.0 


0.0 


-0-4 


7.6 


oo 


7.6 


0.0 


-0.2 


16,0 


0.0 


16.0 


0.0 


0.0 


25.0 


0.0 


25.0 


0.0 


0.2 


26.5 


10.1 


34.9 


0.4 


0.4 


25.1 


24,8 


45.7 


1.3 


0.^ 


20.2 


44.9 


57.4 


2.7 


0.8 


J 1.7 


70.4 


70.1 


4.5 


1.0 


0-0 


101.2 


83.8 


6J5 



Case Paramctctx 5<> = 20. =» 20» U, = O.IS, Uj = O.IO, = 0.3, <ra = 0.5, 
h,mOA OSo, A. = 0.09Cfl, «• » 20, * = 0.9, r = 0. 1 , X = 0.5. 



applying options as a risk management instrument for 
hedging against pnoe and quantity uncertainty in in- 
ventory procurement decisions. 

In a setting of risk neutrality, tbe choice between 
options and inventory building is determined by a 
simple ratio test (Equation 21) involving the net ex- 
pected profit associated with carrying options relative 
to carrying stock. With quadratic risk aversion, we 
have developed conditions for an optimal portfolio of 
options and inventory building.. In the event that price 
atid demand uncertainties are uncorrelated, simplifi- 
cations occur, and we have shown that options will be 
purchased in lieu of inventory, provided the ratio of 
expected net profit per option to the expected net 
profit in inventory exceeds a beta value which is less 
than one (Equation 27), In this case, since the risk 
aversion parameter cancels, the choice between op- 
tions and stock building will not vary among managers 
with different risk averse quadratic utility preferences. 
Section 3 provided a more general example, with price 
and demand modeled as joint lognormal random 
variables. In such situations the use of options depends 
on price-demand correlations. Our examples illustrate 
that if price and demand are strongly negatively cor- 
related, then neither options nor inventory building 
are appropriate. In this case, delaying decisions is more 
suitable. When demand and price are weakly or 
strongly positively correlated, option contracts be- 
come more desirable. Hnally, the benefits of contin- 
gent claims contracting with options allow regret de- 
cision making and provide a hedge against unforeseen 
and significant changes in demands and prices. This 
article has iUtistratcd how such contingent claims can 
mesh with purchasing ordersAmveniory building in an 
effective risk-management controUed program. 



Appendix 

Assume that the future spot price Si and demand di 
follow a joint lognormal distribution. 

Then 

Si ^ Soe*"'"'^^ and dt = d^e'^'^, 

where and Zd are joint standard normal random 
variables with E(ZsZd) = p. Let C, be the future price 
of a call option with strike price, tr. The Biack-Scholes 
equation for the price of a call option is 

Co = e-C(r), 

where 

C:(r) = SoN(d(r)) - irN(d(r) - <r) 
and 

and N() is the cumulative normal distribution 
function. 

The next few lemmas develop the expressions 
necessary for computing the optimal solutions for 
Equations 7 and 8. 

Lemma 1. 

Cov(5,, do - E(Si)E(dO(e^'-^ - I). 
Proof 

Si dx = Sodo^XQiiit + Mi/ + cr,z, + o-tfZrf), 

= S'o49exp(;i, 4- + (o- J + <rS + lfiiTs<Td) '^5). 



Contingent Claims- Contracting for Purchasing Decisions / 869 

Hcnoe 

= E(5,)E(^,)^'"-'. (Al) 



Completing the square and simplifying reduces the 
expression to 



5^i+*''V2yV(rf(w) + (fc - l)«r,) 



(A9) 



Now 



{A2) 



Substituting (Al) into (A2) and simplifying yields the 
result. 

Lemma 2. 

Cov(5„ = E(5t)^(rf,k^^<e^*^'^^-'J - 1]. 
Proof 

5?rf, ^ Sld^xv(2fis + Atrf + (4a? + <rS + 4p(T,aj)'^2z). 
Hence 

E(5?^,) = E(5»)^E(^iXexp(2p<r,<yrf + «rf)). (A3) 
From (A I), we have 

E(^,)E(5i^,) « E(5i)^E(A)e''"< (A4) 
Now, 

Cov(5,, 5,^0 = E(5?^0 - E(*?i)E(5,^,). (A5) 
Substituting (A3) and (A4) into (A5) yields the result. 
Lemma 3. 

E(C,) = cm, 

Cov(5,, C) =^ E(5,)[(C(m + <r») - C(m)]. 
and 

Var(e,) = E(Sf)C(m + c^) 

- C(mXX + C(m)), (A7) 

where m=! nt+ vl/2. 
Proof 

> AT) = /'(i'oexpOi, + a,z,) > 

Furthennore, for A: = I, 2 we have 
E(5?|5, >»)J'(J:. >*) 



(A6) 



Given Equations A8 and A9, we can compute the 
expectation, covariance, and variance expressions. 
Specifically, 

E(C,) « E( J, 1 5, > ir)F(Si > *) - AP(5, > (AID) 

Substituting Equations A9 (with k - 1) and A8 into 
AIO yields A6. Similarly, 



Coy(Su = E(5iC) - E(5,)£((?,) 
and 

E(5,e,) « E(5? I 5. > 7r)/>(5. > r) 

- XEiS^ I 5, > ir)/'(A > tt). 



(Ali) 



(A12) 



Substituting (A9) (with it = I and 2) into (A 1 2) and 
simplifying yields 

E(S,CO ^ E(Si)Cim + erf). (A13) 

Substituting (A 1 3) into (AH) yields (A6), 
Finally, 

VzxiCt) = E(e?) - E(e.)^ (A14) 
and 

E(Cf ) = £(5? I St > 7r)/'(5, > tr) 

- 2A^E( J, I 5, > ir)/>(5i > x) 

+ tr^(5, >7r), (A 1 5) 

= E(5,C,) - 7r(E(e.)), 
= E{Si)C:(m + C7?) - 7rC(/w). 

Substituting (A 15) into (A 14) yields (A7). 
Lemma 4. 

-E(<?»), (A16) 
where 

= rf(m) pcTrf, 
^ = 6| + o-j. 
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Proof 

•f(zs,zj)dzsd2u* (A 1 7) 

where a' = -d(m) 4- o-, and /(z„ z^) is the bivariate 
normal density of and zj. 
Let C/ = Arcr^z,, K ty^f^^. Then (A 17) is given by 

S!i d^^^'-'^ \ \ e'-^Yiu, u) du, dv) (A 18) 

where a === a'/:<r, 

Rubinstein (1976) shows that the integraJ io (A 1 8) 
equals 

^i/2(.W5+ WJ^r^^ ^ ^ + ^^^^^ 

Hence (A 18) is given by 
E{S'id,\St>X)P(S,>X) 

. ^(z/(m) + (A: - l)<r' + p^^). (A19) 
Now 

Bi&yS^d^) - E{5frf, I Sx > ir)/'(5, > tr) 

- XmStdx I > ^)P(Sx > it) (A20) 



Substituting (A 19) (for A: -» I and 2) into (A20), and 
using the result 



(A2l) 



Cov(C,, 5,^i) - E(Ct5.^,) - E{C^mS,d^) 
yields the results. 
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This paper develops multiperiod planning models for take-or-pay (minimum bill) contract decisions. A take-or-pay 
contract is an agreement between a purchaser and a seller that requires the purchaser to either purchase a 
minimum volume of a product or service at a set price ("take"), or pay for the minimum volume without taking 
delivery ("pay"). In some cases, the buyer retains a limited right to take delivery in the future. A take-or-pay 
purchase contract often specifies a set of purchase (take) opportunities per contract period, a corresponding set of 
unit prices for volume purchased, and the maximum volume the purchaser can obtain at each purchase opportunity 
(Thompson, 1995). The contract also requires the purchaser to pay for a contracted minimum yeariy quantity of 
output, even if delivery is not taken. Often, there is no minimum purchase volume obligation at any purchase 
opportunity; however, the purchaser cannot defer all purchases to the final period because of the maximum 
purchase volume per period constraint. In take-or-pay contracts the purchaser bears the risk of a decline In 
demand, and the seller makes an exclusive commitment of its production. 

A take-or-pay contract is a mixture of a requirements contract and an indefinite quantity contract. Dobler, Lee, and 
Burt (1 984) state that a requirements contract (which provides for the purchase from one supplier of all a buyer's 
requirements for a specific operation or activity) "should provide for a minimum quantity the buyer is committed to 
take" (p. 190) in order to* be legal and mutually beneficial. Under-arundefinite quantity contract (which provides for 
the delivery of materials or sen/ices in indefinite quantities at indefinite times) "the buyer is obligated to purchase -_a 
between designated high and low quanfrty limits" (p. 1 90). 

In the natural gas industry, take-or-pay contracts between pipelines and producers specity that a pipeline will pay 
for a certain percentage of a welPs or a field's deliverable gas regardless of whether the pipeline actually accepts 
the gas (DeCanio, 1990). Because natural gas production is extremely capital intensive, gas producers and lending 
institutions consider these contracts essential in order to mitigate the financial risks associated with drilling. A 
"penalty" comes into effect if the cumulative "takes" over some length of time (typically, a year) do not exceed a 
take-or-pay level, T, which is a percentage of the cumulative maximum volumes over the same time frame. In most 
contracts the take-or-pay level is between 70% and 90% ( ^Gaviord. 1 989) of a well's or field's annual deliverable 
volume. Typically, the pipeline must make monthly decisions as to the volume of gasf it will take from each of its 
^ take-or-pay contracts. If the pipeline fails to meet its yearly take obligation, it must pay for the shortfall at the 
average price in effect over the contract year. However, in sorrie contracts, a "make-up'' provision gives the buyer a 
limited right to apply penalty payments to future year.purchase^ in excess of the take-o^pay jeyel. Topically, 
up periods are from 3 to 5 years (see Brooke, 19^2, tor a description of the language used in a typical teke-o"r-pay 
confract). 

During the 1 980's. the combination of new f4derM?eg^^^ 

thriving spot market (which deals in cornmo^ities:bp^gh^^^^^^ immediate delivery), Vhd the ability . 

of industrial users to switch to alternative fu^f^K^i^^^^ volumes. As a result, pipelines . 

accumulated significant take-or-pay obligatidns^^TO^ liabilities were Estimated to 

be over $ 1 1 billion, with at least $3.2 billion paid in settlement costs (Marple & Roland, 1989). 

Take-or-pay contractual provisions are not confined to the natural gas industry. Joskow (1987) examined a broad 
set of electric utility coal confracts and found that the typical confract specifies a delivery schedule subject to 
minimyntand maximum production levels and take obligations. Goldberg and Erickson (1987) found takeor-pay-like 
provisions in a large sample of contracts between pefroleum coke producers and aluminum company caldnation 
facilities. In a VVall Street Journal article, Bailey (1993) reported that disposal confracts between municipalities and 
waste incineration facilities sometimes contain similar provisions known as "put-or-pay." The municipality "pays" for 
^ at least so many tons of waste even if it incinerates, or "puts," less than that amount. Raynaud and Syed (1990) ' 
have advocated the use of take-or-pay confracts for financing manufacturing projects involving the supply of 
indusfrial products. They distinguish two typesf of payment obligations: a capacity reservation fee that covers the 
fixed cost of the project and a purchase fee |hat caye)^;^^^ operatin|5;:dosts of the project, payment of. v: ;: : 

which is subject to delivery of the product artd. normaf coiihm^ 

To illusfrate a typical take-or-pay confract. consider an agreement that entitles a customer to purchase up to 100 
units per month over a year at an average price of $1 .50 per unit. If the take level is 70%, then the purchaser will 
incur a penalty if he or she purchases less than 840, or (0.7x100x12), units during the contract year. One example 
of a penalty function is the annual purchase volume deficiency, or shortfall, multiplied by a proportion p of the 
average monthly purchase price over the confractual year. If, for example, p is 0.2 and the customer purchases 
, only 620 units during the year, then the purchaser will incur a penalty payment of $66, or (840-620)x0.2x$1 .50, at 
? the end of the year. If the make-up period is 3 years, then the $66 penalty can be credited against units taken \n 
any of the following 3 years in excess of 840 units. Thus, a take-or-pay confract with a make-up provision only 
assesses an Interest penalty against the purchaser for prepaid volume if that volume is later made up (that is.'the 
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purchaser is paying for future volume in today's dollars). The maximum purchase quantity in such a contract, 
however, is not increased; thus, make-up volume is limited. 

in the next section take-or-pay models are presented that can assist the purchaser in selecting contracts and 
volumes to take in order to meet anticipated demands over an N-period planning horizon. Existing contracts can be 
continued as originally negotiated, "bought out." or renegotiated to "buy down" certain terms of the contract. New 
contract opportunities may also exist The first model presented does not include contracts with make-up 
provisions; a second model permits multiple year, make-up provisions. The closest related research appeared in a 
paper by Avery, Brown. Rosenkranz, and Wood (1992) describing an optimization model used by utilities to plan 
operations which minimizes purchase, storage,-and transmission costs while satisfying regulatory agencies. In their 
model, contracts between local distribution companies (LDCs) and their suppliers can be assigned a minimum 
seasonal purchase quantity, and a penalty rate, knov\^ as a deficiehcy-based inventory charge, to be applied to 
aay purchase shortfall. The contracts they consider, however, do not include make-up provisions, nor do they 
consider the options to buy out or buy down existing contracts. 

TAKE-OR-PAY MODEL ' rf" 

Suppose the purchaser must decide how to meet projected requirements over a planning horizon consisting of N 
periods. Each period's requirements can be met through "takes" from contracts on existing wells or properties, 
hereafter, referred to as sites. Assume that at the beginning of the planning horizon the purchaser has in place 
take-or-pay (TOP) conti-acts on M sites. Several alternatives to tfie existing contract may exist. The purchaser may 
have the option to continue a contract under its original terms, buy out (terminate) the contract, or buy down 
(renegotiate) the price, take-or-pay volume, or other terms of the contract 



For each contract, the volume that can be taken during each period of the planning horizon is limited. If the total 
volume taken during a contractual year is less than tiie take-or-pay level, a charge is assessed on the shortfall at a 
rate equal to some percentage of the average cost of volume during the contractual year. Assume the purchaser 
has limited capacity to store purchased volumes (inventory); maintains a minimum level of volume in storage, and 
incurs a holding cost on stored volumes. Pipeline storage can act as a buffer to smooth seasonal demand and to 
handle short-term fluctuations in load <0*Neill, Tobb!s; Gl^rfu's; & K^e^^ 
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Decision Variables, Objective Function. andj:;onstraints 

The following observations can be niade regarying^the constraints ^fth^^^^m^^ - : - - 

1 . Constraints in (2) ensure tiiat volumes taBii^cfc p^i<Ki¥om each^^te cftTnoFelcije^ 

volumes stipulated in each selected contract (^^ =1) and that volumes cannot betaken from contracts not 
selected (Y^ub i j'^—O). . - , - -rTI?^? m\^<xi;}:i2^iinti^t{^^Ay\ii ^^^\^<^*^'^^^^-^^^r^ 
' " '^p^'^^'^n' (e.y.^ see ^ohn3o.n r^;^oingG;^ei^-';^ 




Notation 

2. Constraints in (3) insure tiiat exactiy oneJoontractual alternative \s selected for each site. 



httD://Droauest.umi.coni/Dadweb?index^l0i^rtiH^i)Q0aaG012OX7ai4^^^^ 
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3. Constrainte in (4) are matenal balance or conseivafion of inventory relationships that equate period-endina 
inventory to beginning penod inventory plus purchase quantities minus planned withdrawals. These equations link 
successive time periods, and are similar to those found in multiperiod, production planning models. 

4. Consti-aints in (5) limit period-ending inventories. 

5. The next tiiree sets of constraints determine tile amount by which tfie "takes" from a given site, under ttie 
confractual altemative selected, fall short of the TOP level (s>^sub i. j,k'^>0) or exceed ttie TOP level (e-^ub i i k'^>0) 
dunng the current confrachja year [k=l, equation (6)], all but the last confractual year in the planning horizori 

n <k<n-sub . J ,A equation (7)], and tiie last confractual year in tiie planning horizon [kn-sub i j. "equatiorfS)]' 
i^vi'^Hnn S^Hi ^'^a!"?'^' *° those found in goal programming models. The linear dependency between the 
bas c soUon "^'"^ ^^^"'^^ ^^^ ''^^'^ ""^^^ '^^'^ ^^^""^^ ^ P°«'«v« 



6. Consfraints in (9), (10), and (1 1) are, respectively, binary restiictions on the confract selection decision variables 

I^n hf^o"^"'*^ exist to add new sites to tiie current set of sites under TOP confracts. In tiiis case, tfie model 
Since Cr^t fi? P°ten««» f^. expanding the definition of M to cover new, as well as exiting 

f^^-.^JT ^^i^ the possibility of not selecting any confractual option for a new site, ttie consfraints in (3) would 

?anoe wouldTe i-H ^'*lv " k ' V "P**^" ^''"^ ^^^'^ *° ^'^es; ttius the confract alternative 
range would be j=1.2,...,A(i) for each new site. 

Uncertainty 

"^^^^ of a rnattiematical programmjng apprpMh to *^^^^^^ assumption of 

deterministic demand. Uncertainty in ttie above mpael deists in ttie fo^^c^sted demand requirernehta (ttie d-sub 
tS) One way to allow for uncertainties in ttie dernapAforecast is ttirough tt,^^^^^ of loW^^KiXe perioS^ 

*? constraints In (5)i; These lower liW»^^^^ on the demand forecast errors and 
ttie level of customer service to be providec^ sgrv^iojp^^ 

honzon (e.g.,^ee Johnson & Montgomery. 19M«PU^8§)^^i?4er.fl3is;wid€jy:adoptb£j,gt^a 

information to updated model parameters (e.g., to incorporate current inventory data and updated forecasts of 
orov?derrtfm.1?^- "^'^ CandeaJ1984, p. 76) state ttiat "alttiough. in principle, ttie sSn to ^rmode 
provides optimal decisions to be carried out over all periods In ttie model, only ttie plan for ttie upcoming period Is 

r?.TiomTiTT*f "^Z r^t! " '^""^^^ °f ^« current model, ttie take lefelsTie a4ub t 

ij s) from tfie selected confracts (tfie Y-sub Lj-s) will be planned and replanned until a final commitment is made. 

rS°/lowfv^r*'BZf!?Q?^^^ ^PP™^"'' ^" environment could certainly be 

raised. However, Baker (1975) offers two reasons why the finite horizon sfrategy is appropriate First an infinite 
Surd.°n „T°i^!vt 'TTT' ^'"^^ti^^ information available about ttie ft/ture a'?d £e large compu S^^^ 

fi^hirrJlhTrf^nt'' of forecasts tend to decline witti ttie distance into Se 

^i^^dfhll^^^ ,^1 h' '^'''^ "^^"^'"S °f P'^""i"9 process questionable fi? 
penods beyond which reasonably accurate for-ecaste can^ be madev- ~ 

J - St= 1- f\ — :-J.-, 



EXAMPLE 
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Enlarge 200% 



Enlarge 400% 
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Suppose an organization currently has TOP ccSifi^^]*Pfg|=^&iles52i&S^^ from 
(P=4) over a 2-year planning horizon (thus, N==6JPS&ppi^^^^ 



follows 



CONCLUSIONS 









Enlarge 200% 


Enlarge 400% 





Table 1: Constraints for example. 



Take-or-pa/ provisions will continue to be an important element in the contracts between purchasers of natural 
resources and tiieir suppliers. In take-or-pay arrangements, purchasers are assured of a steady supply at a 
negotiated price and suppliers are guaranteed a steady revenue in a long-term contract witii littie or no risk from 
declining demand. However, as evidenced by the enormous take-or-pay liabilities that occurred in the natural gas 
industry, the ineffective management of TOP contracts can be extremely costiy. Purchase and contract portfolio 
strategies that focus on cost minimization while ensuring sufficient supply to satisfy demand are essential The 
models presented in this paper are an attempt to optimize tiie economic ti^adeoffs tiiat take-or-pay provisions 
i"^n2^f decision makers in such organizations. [Received: September 23. 1994. Accepted: April 15, 

1 996.] ' 
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